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DEVELOPING THE MANAGEMENT SYSTEM
Tom Harpool !I
What is the theme of this short course? "In your Hands!" What is
in your hands? Setting the cleaning equipment correctly? Yes, but most
of you are already approaching 98, 99 or even 99.50% perfection. What
then is "In your hands?" Is it being sure of your quality control
program, selling better varieties, management of the technical operations, proper seed handling or conditioning? It is all of these things.
However, if you discovered as I did that your bins and warehouses
were full of seed oats but the mules that ate the oats your seed produced had all been replaced by a newer technology, tractors. What would
you do? What good is the technology, quality control, processing or
management which were designed for oats if the oat business is gone?
I could tell you that the problem is, "In your hands " but what
would you say? You could pass the buck to your boss or associates and
say, "Its in your hands . " What would you really say if confronted with
this problem? "It's in your hands" or "It's in my hands? If you answer , "It's in my hands so l et me help workout the solution," you posses
the elements that contribute to a successful personal phi l osophy which
will carry you through the ups and downs, the successes and reverses of
both your business and personal life . The above problem was real,
whether I liked it or not the solution was, "In my hand. "
Forty-five minutes have been assigned to discuss forty years of
business development. To fulfill my assignment, I want you to take a
verbal walk with me across these forty years . As your "tour guide" I
will attempt to point out those problems and solutions which have
resulted in one company growing in gross sales from $42,000 to $8,000,000;
from three to ninety people, and bank credit of -$800 to +$1,500,000.
Is this success?
Let me set the scene for you . One hundred and four years ago this
month, my father's father rode into Denton County Texas from Missouri on
a sorrel mare with 20¢ in his pocket . As a hired hand, a sharecropper,
then tenant, and later a land owner and family head he gave our family a
taste of agriculture and hard work. Since the family farm wasn't large
enough to support his boys too, they struck out on their own. My father
in turn was a farmer, a cotton buyer, a grain buyer, a wool buyer , a
country merchant, and a speculator who went broke two or three times .
He left me, primarily with a good name and a small line of credit in
spite of family indebtedness and judgements outstanding.

President, Harpool Seed, Inc., Denton Texas .
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My first job in this great seed industry was in 1934. As a schoolboy , working in the summer, I shoveled Nortex oats into the hopper of a
14 ft . elevator of a Clipper 27B seed cleaner . Then, after attaching a
10 oz. burlap, 5 bu . (160 lbs) oat bag to the sack-off spout , I had to
lift the filled bag of oats onto a set of scales, even weigh it, sew it,
attach tags, and certification seals . After stacking five bags on a
hand truck, pushing it up an incline into a box car which was loaded to
visible capacity, these seed were shipped to the Mississippi delta where
they were to be planted in the fall. I also owed this pl um'' job to my
father who had prevailed upon the manager of the Denton County Pedigreed
Grain Association to let me work only 12 hours a day and sti ll pay me a
full $1. 50 .
11

After four years in college and two years in business with my
father as a cotton, grain and wool buyer, the roof fell in and I found
it was ln My Hands. Our warehouse was full of wool purchased with
borrowed money , the market was dropping and my father suffered a stroke
from which he never fully recovered.
11

11

In 1941, following the death of the manager of the seed company
where I f i rst \'JOrked, my father and I bought the manager' s part of
the business on the basis of assuming his indebtedness. The one bright
spot was the good business we had established by shipping certified New
Nortex oats to Louisiana and Mississippi. However, during the winters
of 1940-41 and 1941-42 green bug infestations wiped-out our oat production. We lost our product base!
Imagine that you are a country oat processor in Denton County,
Texas, its 1942, and you have no oats to process or sell , what do you
do? Go to your banker and say, lts in your hands? No, you recognize
the need for New Nortex oats in Texas. But, how do you reverse your
objectives, your operations, and buy oats in Mississippi to be sold in
Texas? Our so lution was to get the plant breeder and director of the
experiment station at Denton, where ~ew Nortex oats were developed, and
go to Mississippi. We spent two weeks inspecting, buying and shipping
carload lots of New Nortex oats from the Delta back to Texas and our
business was saved, or was it?
11

11

In 1934, 90% of the company's business was in oats. By 1941, when
I joined the company, oats still accounted for 50% of the sales, last
year only 1%. We are still in the seed oat business but the mules which
pulled the plows and ate the oats are gone. Additionally, we found that
with improved varieties Mississippi could produce more oats than we
could.
Are you still walking along with me? Is 1% of gross sales worth
the time and effort we used? Yes, when it represents more dollars than
the 90% did in 1934. Yes , when it represents a PVP protected oat variety
which your company controls . Yes, when it helps pay the overhead on
storage , processing and delivery facilities. Yes, when the seed are in
and out before other seed crops are harvested . Yes, when it fills a
need in the market place.
11

II
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What does all this ta lk about what some would consider as a "dyi ng
dog" have to do with my topic, "Developing the Management System?"
Everything . Out of the trials and tribulations of buying , processing
and sel ling oats and staying solvent came the developments which forced
us to take a hard look at what we were doi ng and what we had to do.
My goal in this walk with you is to set the stage for all of us to
take home new ideas and information, gain new friends and set new goals
and objectives to use for a lifetime. In 1952, twenty-s ix years ago,
I sat in a chair during this short course . I still treasure the friends
made and the knowledge gained here.
A few more words about our company. We have been basic in the
small grain seeds from our beginnings. However, to survive and grow we
have handled feeds , herbicides, fertilizers, motor boats , birds, garden
hose , pansies, apple trees, zozyiagrass. Indeed, in 1977 we handled
over 4,000 individual products but yet we are a seed company. Our
primary trade territory has expanded from three counties in 1942 to over
100 today. Denton County had 24 cotton gins in 1938 . It has only one
today . We have had to change to service an ever changing clientle.
Let us continue our tour by looking at some specific facts and
considerations which reflect some milestones and maybe mil lstones in the
development of our management system .
The data presented in Table 1 summarize the sales, personnel,
facilities and credit growth since 1942.
Tabl e 1.

Year

Harpool Seed, Inc. - Growth 1942- 78.

Gross Sales
(000 Dollars)

Employees
Total Outside
Sales

Capital
($)

Bank
Credit

Space
(sq . ft )

($)

1942
42
1947
410
1952
660
1957
570
1962
1,095
1967
1, 225
3,068
1972
1977 (10 mos) 6,874
1978
8, 000(est)

3
6

0

17
20
24
35

0
0
0
2
4
6

90

8

9

400

-800

5,000

1,000,000 1,500,000

100,000

Not reflected in the statistical data is the fact that the corporation which is currently operated as Harpool Seed , Inc. has changed
both its name and owner-management system on several different occasions
since 1942 . Of passing interest to some is the fact that one of the
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current staff members of the Seed Technology Laboratory became our 13th
employee in 1955. Although he may have considered this as unlucky, his
efforts convinced us that we couldn•t survive simply by selling seed
oats at the wholesale level. He became our first, part-time, outside
salesman . Within five years we had two full-time, outside salesmen and
our first $1 million sales year. Thus, it took 20 years to develop the
basic framework for the business we have today.
Case Studies - Management Decisions
Situation 1
November 1962, sales were looking good, might exceed a million
dollars for the first time. The problem: should we add a second outside
salesman to work in east Texas? Many factors had to be considered among
which were the costs and the sales volume necessary to justify a positive decision. Excerpts from a memo which I took from the file are as
follow:
.. From a quick analysis of the possibility of moving into the East
Texas area with another outside salesman, it seems that this might be
profitable if a volume over $150,000.00 yearly could be attained. This
is figuring 60% Field Seed at 15% Gross Profit and 40% Allied Lines with
a 20% Gross Profit. ------------- 11
11

Although there is a possiblity that a profit might be made if you
have sufficient volume and can hold your gross profit ratio, there is
also the direct investment necessary to finance this venture. For a
$200,000 volume of business it would be necessary to invest $4,000.00 in
a truck, $16,000.00 in accounts receivable and $26,000.00 if you could
handle this volume from your present warehousing facilities.--- - -~~
Decision: Hire a salesman. One result, total sales the next year
decreased by $15,000. In fact, it was three years and another salesman
before our sales volume increased by the desired $200,000 but we were
learning to more carefully scrutinize lines and merchandise, make
adjustments in assignment of personnel and capital outlays so we survived.
As previously mentioned ours has always been a diversified company
in terms of our product mix. For accounting and management purposes,
the company was divided into several different departments i.e. field
seed (the largest in terms of dollar sales) fertilizers, chemical and
allied lines, nursery, etc. As the different departments developed,
their needs and goals became more diverse. My next example is an example of the type conflict which often faces the management in its
struggle to develop a diversified company.
Situation 2. Each year I have the manager of each department
prepare a list of goals for the next year. The quotes below are taken
from the list prepared by the manager of our chemical and allied lines
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department. At this time, 1965, this department was involved in both
wholesale and retail sales.
11

11

1.

Closer cooperation between department heads in planning and
operations.

2.

A continuation of the saturday sales meetings, schedu led no
later than 9 AM.

3.

A more efficient 11 route delivery service based on the needs of
a 11 departments.

6.

A closer first hand look in the field both at the consumer
level and dealer level at chemical sales and dealer supply
problems of the chemical division by the corporation president, and a careful analysis of the uniqueness and individuality of those problems."

Concerning this last statement, the department manager clearly
percieved that the needs of the dealers in the Dallas-Ft. Worth metropolitan area were different than those whose primary customers were
farmers. Further, he recognized that to build sales in both areas we
must not only recognize the differences but develop policies to serve
both groups of clientle.
He made other comments but I now want to read and excerpt of this
department manager's general conclusions. .. Field seed, while at the
present enjoying for the larger portion of our sales, stands isolated in
that its problems; purchases, sales, storage and delivery are unique
within themselves. All other divisions of the company have at least
some parts of each of the above phases of their business which are
similar. To attempt to operate the entire corporation along field seed
procedures and to base plans and decisions for all departments on the
experience and needs of this division would be in gross error. Many
companies in the past have gone out-of-business or have dropped either
field seed or chemicals because they were not able to comprehend or cope
with this basic difference." - - - ''I also see that we are standing on
the threshold of greatly increased sa les and possible rapid expansion:
such being the case, now is the critical time to plan rapidly and wisely
thus avoiding future indecision, confusion and loss of profits."
The "boss" is the only one who can do some things for any company.
However, the key personnel or unit managers can make or break a diversified company such as ours. I hope that you noticed that this division
manager was concerned not only about his department but the growth of
the total organization . The memo prompted many agonizing decisions and
actions but four years later we enjoyed our first $2 million sa lesyear.
Not all memos from the department heads are as profound as the one
above. What is of vital importance is that the management be continually
informed of the problems large and small which affect the business
operation. As an example of how specifc problems can build in a rapidly
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growing company , almost without being noticed by the top management, let
me now site a situation report submitted by the ma nager of warehousing
and delivery.
Situation 3. "In 1957, we had 1 old bobtail truck and it was only
used once in a while . Since then we have moved forward to where the
company has 4 tractors, 13 bobtails, 3 company pickups , 5 forklifts and
10 trailors''.
"The paper work it takes to keep up with a11 records we have to
keep in Trucking is more than the total office paper work was in 1957.
For the company to grow we have to give our dealers the best serv ice
possible. To do this we have to keep up with all laws and regulations .
This in itself is a great task. We deliver into our delivery area at
least once a week and I feel we give our dealers the best service possible. The service costs the company a great deal each year. It also has
helped us in many ways grow to the company we are now and will help us
compete with our competition in the years to come."
The important points to be made from the last two situations are
the need for communication among all levels of management and a continuous effort to inform, update and train personnel at all levels to
get full mileage from all facets of your operations.
During the late 60 1 s and early 70's two of the needs identified
were: to automate the handling of accounts receivable, inventory, etc .
and to establish a company-controlled source of the non-hybrid sorghum
seed. To meet both of these needs required a major management decisions.
Situation 4. After much study and analysis by the management team
the dec1s1on was made to form a secondary corporation to provide the
needed commodity sorghums, rather than acquire these seed from other
companies. The new corporation purchased the assets of a company in
west Texas in 1971.
Years following the formation and operation of this new company
were very frustra t ing and costly for the following reasons:
1.

The commodity market became very competitive and planting
needs changed as market changed.

2.

Qualified branch management was hard to obtain and keep in
a small rural town in a seasonal business.

3.

Crop failures resulted due to drought and hail.

4.

Farmers in this dry-land area were unable to produce needed
seed. Consequently, the production area moved to irrigated
areas which resulted in freight costs and other added handling. Production costs became a factor on low yields.

5.

Direct marketing by farmers increased cost of seed.

6.

Expenses continued year-around on a highly seasonal business.
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In 1977 the decis ion was made to divert the activities of this subsidary
company to its parent, which resulted in cl osing operations . The facility is still owned and is available for rejuvination when and if the
need arises.
Situation 5. Planning and studying the need for automation began
in the l ate 60 1 s by management and outside consultants. As bus iness
continued to grow, and the Nicholson Seed Company was added to the
company's operations in 1974 a positive decision to automate was made.
Several computers were analyzed for the particular needs of the company .
The system was instal led with a fu l l acccounts receivable, invoicing and
perpetual inventory reporting of the lawn and garden division and field
seed divisions were started i·n 1975. However , due to the differences in
invoicing and reporting, sales of seed and lawn and garden products the
company is only now, (3) years later, finalizing a completely automated
system including invoicing, inventory control, product reporting,
general ledger accounting, and accounts payable .
This ful l system we believe will enable us to do a good job of
controlling inventory, sel l ing, delivery, invoicing and collection of
receivables . But , the price has been high and the frustrations great.
r~y reCOITillendation is to make sure you have qualified personnel to develop your software prior to beginni ng a comptuer system.
Of these two situations, which represents the best management
decision? Even now I cannot state that one decision was better than the
other. In both situations we tried our best to evaluate the current and
future situation, consulted with those who could or should be of assistance and then spent days working to make each operation work to the
benefit of our organization. Maybe the "best" or most important decision was not that of undertaking these two operations but to stop the
one that was limiting the organization's growth.
Now I want to emphas ize what I have found to be one of the keys to
successful management, some might call it participatory management. The
key I'm talking about is the assignment of responsibility.
About 10 years ago several of the department heads starting thinking that they might do better if they moved to other jobs since our
management system really permitted little input except in the purely
technical aspects of the business. Additionally, I, the general manager, was in good health, therefore, the prospects for change in management methodology was not too good from their viewpoint. As a family
corporation, we cou ld have let these men move on and hired replacements,
after all it was our money and our business!
Our decision was to turn the reins of each department over to the
manager along with the challenge, "Lets see what you can do?" Their
response to our challenge can best be summarized by the fact that each
department is now bigger than the entire company was 10 years ago, we
became a management team. We planned together, worked our plan, and
shared mutually in our successes and failures.
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To give you a better idea of how we manage the company let me cite
portions of the memos of three meetings which took place between December 22 last year and January 25 this year. Please note that the key to
this managment system is the continous evaluation and planning for
Where we are going?", where do we want to go? .. and "how. are we going to
arrive?" Another way of looking at it is: write it; justify it; prove
it, and stay after it (if you're sure it will payoff) .
11

In December 1976, we had listed the goals and objectives for our
company for 1977. Time does not permit listing all of these goals but
at the top of the list was corporate productivity . Among the specific
accompli shments for the year as li sted during the December 22, 1977
staff meeting were:
1.

Application for and approval of a $750,000 loan for long-term
financing.

2.

Corporate fiscal yea r was changed.

3.

A certified audit was completed.

4.

Improved sales effort in Oklahoma area and the addition of
a salesman in that territory.

5.

Credit policy was re- written and a procedure implemented to
set up wholesale charge customers.

6.

Decision made to handle all vegetable seed through the
Da 11 as branch.

7.

Implementation of a small grain varietal development research
program .

8.

The l egume testing program was expanded.

9.

A field day was held at the company farm.

10.

Several employees passed exams for certification as insecticide applicators.

11 .

A management advisor consu l tant was placed on retainer.

12.

Regu l arly scheduled staff meetings improved departmental
conmunications.

13.

Gardening classes were taught at the retai l store.

14.

Procedures for hiring and up-grading new personnel were
impl emented.

A total of 34 specific accomplishments were listed. At the same staff
meeting, the gene·r al and departmental managers were assigned responsi-
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blity for developing the detailed goals, objectives and projected budgets for 1978. 0~ January 25, the following summary of goals and objectives were discussed and agreed to.
1.

Increase sales and profits (the specific products and gross
profits).

2.

Reduce competition between departments (move from incentive
bonuses based on departmental profits to overall company
profits) .

3.

Greater push on proprietary lines.

4.

Develo p a detailed plan of operations through top management to outline direction of company for 5 and 10 year periods.

5.

New products through market research (Is our merchandizing
committee functioning?)

6.

Constant product and sales analysis (When do you drop a
product or change to another source).

7.

Training programs for employees in all areas {specifical ly
telephone, insurance, product knowledge, computor).

8.

Help our customers to become more profitable (Dealer training and educational aids).

9.

Better service to our customers (constant monitoring of delivery areas for better service in sales and delivery).

(Sales development).

By li sting and discussing these goals everyone in the organization
has knowledge not just about the goals but specifica lly how they can
make a contribution to achieving these goals. It should become apparent
to everyone that the simple task of properly answering the telephone is
important when time is taken from the work day to give instruction on
what to say , and what to do.
In addition to reviewing what has happened and what will happen
(our goals) lets briefly review some of the specifics of what was
happening at this point in time by reviewing some of the comments recorded in the minutes of the staff meeting held on Jan uary 19. This was
a month after the meeting where we reviewed our accomplishments but a
week before we agreed to our yearly goals . Note how the past, present
and future tie together.
1.

Manager- Chemical and allied lines
(a)

Discussed the new products form and advised that the
sales, accounting, trucking and management had approved
its use.
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(b) The Texas Assoc . of Nurserymen is sponsoring a greenhouse tour. The Company will pay expenses of employees
who participate .
(c)

2.

3.

4.

S.

6.

Discussed briefly goals and objectives to be unified
wi th the company as a whole. Presently getting vendor
lines analyzed to obtain complete history by quarte r,
salesman and outlet to permit analysis of each account.

Manager - General Sales
(a)

Outlined current promotions planned .

(b)

Has started with in-house sales personnel and outside
salesmen regarding certification as nurserymen. Working
on product training and gross margin mark-up with some
employees.

(c)

Discussed future promotions working with dealers to
make more profits and also incentives for dealers'
customers on sales promotions.

Controller
(a)

Updated the credit maintenance program .

(b)

All budgets for 1978 have been completed except retail
field seed and the're ready to print.

(c)

Discussed quarterly projections for the year .

Manager - Field Seed
(a)

Outlined plans to improve gross profits and gave
percentage increases in '77 and 78 and projections
for '79.

(b)

Discussed specific "bottlenecks" and work being done
to eliminate them.

Manager - Warehouse and Trucking
(a)

Reported on training of new emp l oyees and re-training
of old employees to increase warehousing effeciency.

(b)

Presented specific recommendations resulting from the
meeting with the three warehouse managers .

Computer Coordinator
(a)

Discussed effects of different programs on the users.

(b)

Offered specific assistance to managers whose people
are having difficulty with individual programs.
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7.

8.

Manager- Retail Store
(a)

Discussion regarding percentage margins.

(b)

Checking possibility of selling onion sets to northern
markets if production exceeds company needs .

President and General Manager
(a)

Had meeting with "outside" directors to discuss goals
and direction of company. Established specifi c time
for monthly meeting with Executive Advisory Committee .

(b)

Led discuss i on rega rding an overall bonus or renumeration on a company wide basis, not departmental.

(c)

Discussion of, Where are we going to be in 5 years.
11

(1)

More concrete long range plans needed.

(2)

Staff (managers) should develop plans and
alternatives - costs on alternative plans must be
developed .

(3)

Long range markets will be examined.

(4)

Product mix wi l l be examined department by department .

(5)

A comprehensive, long range plan of sales operations
and strategy should be developed by the end of
1978.

I hope that you have been able to fo l low the thread of continuity
and the manner in which we have developed a management system as we have
changed from a $40,000 business to a multi-million dollar business.
Cl early, flexibility has been another key to the success we have worked
for and enjoyed.
Outside Assistance
Thus far in our walk I have focused your attention primarily upon
the growth of the internal operations and management of our company.
Let me briefly discuss the importance and characteristics of some of the
"outside" assistance which I believe is necessary for "successful "
management.
Again I wil l use our organization as an example but I strongly
believe the principles encompassed are applicable to most situations.
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I have four sets of advisors, each of which makes a specific input
into the planning, execution and s t rategic development of the company.
These advisors are· the board of directors, the executive staff, the
executive committee, and a confidant. The Board of Directors should be
composed of persons of varied background and experience from both inside
and outside the company. Board members must be dedicated to the success
of the business and this requires that they be successful in their own
lives and professions. Since we are on a tour, the Board might be
considered as the mapmakers.
The Executive Staff is composed of all the key employees of the
company. As the name implies they are the staff responsible for the dayto-day execution of the business . They are the motor and wheel s of the
business vehicle.
The Executive Committee is composed of especially qualified members
of the Board which are dedicated to assisting the top management in
making major decisions. In effect they assist the manager in determining whether to turn left, right or steer straight ahead at each
crossroad.
The fourth source of outside assistance is a Confidant . This is a
person who can keep you on the "right side of the road ". The top man,
the driver, whether president, chairman, or manager needs one man as his
confidant. A man who is tried and proven beyond a doubt to be a friend.
One in whom the most delicate and critical secrets can be intrusted and
discussed in an open, positive manner . Thus must be a man without bias
but highly experienced . Let me add that a true confidant is exceedingly
difficult to find . Who is your advisor? Who is your counsellor? Who
is your confidant?
Most of you are not presidents or maybe even managers so you might
ask, "how does a young person in our business "get ahead?" I believe
that you can start at any level but wherever you start you wil l have to
study - study your job, study your business, study your company, study,
study, study! Then act upon what you have learned from your studies .
Document it!, justify it!, prove it! and stay after it!
Gentlemen, thank you for taking this walk with me. As you continue
to walk through this short course you will gain invaluable knowledge of
our seed industry's technology and its challenges. You will see and
understand that it is- "In Your Hands " .

MANAGEMENT BY OBJECTIVES FOR SEEDSMEN
Dr. S.E. Rosenberger lf
Let me start first with a description of what the Food and Fiber
Center is all about. It is a concentrated effort to work with nonfarm
handlers of agribusiness products and supplies with the idea of ass i sting them in becoming more efficient and more effective . Our objective
is to help these agribusinesses, "get it all together". What do we try
to get together? The purpose is to bring about a balanced approach
between the physical, biological, philosophical, political, sociological
and economic ; all of these within the context of "best available technology" . To our knowledge, the Food and Fiber Center is unique and perhaps one of the first and only multidisciplinary departments in existence
at educational institutions.
One illustration will be used to show how our type programs can
produce results for commercial agribus i ness enterprise. This illustrtion involves a seed processing and distribution company within 1, 000
miles of our present location which asked for specific assistance in
1967, primarily because increasing annual payrolls were threateni ng the
very existence of the company for the future . Our investigation of this
company found several very serious problems that made it extremely
difficult to put into effect operating efficiency programs that would
improve the employee productivity and thereby bring payroll costs under
control. Some of these problems were:
1.

A multi-floored warehouse as the main facility.

2.

Satellite warehouses scattered throughout the city in as
many as five locations, so that in order to assemble many
orders someone had to drive all over the city to accumulate
the necessary products for shipment .

3.

They used an order selection crew which included a supervisor
who was accompanied by two to three order selectors with a two
wheel truck. The supervisor read out the items on the order
and the selectors assembled the products to be shipped.

Our recommendations for this firm included:
1.

The need for a modern, one floor warehouse that was capabl e
of utilizing material handling, fork lift systems , and steel
pallet racks for better utilization of the vertical (cube)
space available.

ll Manager, Food and Fiber Center , Miss. Cooperative Extension

Service .
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2.

A warehouse that would also have adequate floor space to
consolidate all inventories into an operation under one roof.

3.

They should develop an order selection system that would
enable one person to be responsible for both reading and
selecting all items for a single order.

Look at some highlights of what happened in this company . We will
be evaluati ng a ten year span of time and; for the sake of simplicity , I
will give the annual costs for the first three years of the ten year
period before our recommendations were formulated and for the last three
years after the implementation of some of our recommendations. The
numbers represent direct costs only and are in cents per dollar of sales
in the various categories.
AFTER
BEFORE
Year 1 Year 2 Year 3 Year 8 Year 9 Year 10
Warehousing
Delivery
Administration-Selling

4.4
3.0
9.0

5.4
3.3
10.4

5.5
3.0
10.7

3.7
2.65
7.9

3. 67
3.09
9.1

3.59
2.86
9. 3

Actually we would prefer to see general and administrative separate from
the selling costs . However, the information available did not lend
itself readily for this separation. Part of our recommendation did
encompass the importance of profit centers and/or cost control centers
so that each of the major functions could be measured and monitored with
greater efficiency and productivity in mind. It should be noticed that
in each case the cents per dollar of sales were lower the tenth year
than they were the first and considerably lower than they were the third
year. I might add that the management of the company involved has been
extremely pleased with their progress as their total sales and performance has grown by leaps and bounds.
One thing that shou ld be pointed out, however, is that all of the
illustrations that will be used in this discussion referred to multiproduct seed houses, and this is because it is extremely difficult to
find a 100% pure seed company. For instance, the illustration referred
to above had two-thirds of total sales in seeds the first year of the
ten year period and one- third of sales in other type agribusiness products . At the end of the ten year period, this company had just about
reversed their sales allotments to one-third seed and two-thirds in
other agribusiness products. This, of course, was primarily due to the
rapid expansion of sales opportunity in the non-seed category . For this
reason , I would like to emphasize the importance of seedsmen thinking of
themselves first as successful businessmen and secondly as seedsmen.
Growth and profitability are essential to a successful business which is
vital to continuing to be a good seedsman. Or to put it another way,
what good is it to have the best seeds available in the world if the
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businesses fails to pay its expenses and the sheriff puts a padlock on
the door?
Your keynote speaker , Mr. Tom Harpool of the Harpool Seed Company
in Denton, Texas, did an outstanding job of setting the stage for the
theme of this conference which is, Management - In Your HandS
At
this time I would like to paraphrase some of Mr. Harpool's comments and
illustrate for you some of the things that he was telling us. I will
relate them from a business management point of view. The businessman
point of view is an important point because you, as seedsmen, have been
talking about management of seed quality, etc . for the last couple of
days; and we must now shift gears in our thinking and attitudes about
the various meanings of the word management, especial ly as it pertains
to the business connotation .
11

11
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You see, I know Tom Harpool personally and have know him for many
years, since we frequently attend some of the same annual meetings and
other events. However , I know Mr. Harpool as a businessman, whereas,
most of you know Mr. Harpool as a seedsman. Therefore, we look at him
through different pairs of eyes and translate his words into our own
respective meanings.
Mr. Harpool started off by describing his early years in business
and indicated that he had changed his objectives from one of being
primarily in the oat business to one of seeking other more profitable
sales opportunities; but not actually dropping oats as long as they
helped pay the overhead on machinery and equipment. The expression of
changing objectives indicates that he knew what he wanted as well as
what he had and why a change was desirable. He implied that in 1942,
his first year in a seed business, that total sal es were $42 ,000 for the
year. Here he is referring to a measurement that enables him to monitor
the business in a meaningful way . What he did not tell you Wps that in
all probability he had assets that were somewhere around $1 4,000 and a
net profit of probably less than $1,000. These last two figures are a
process of relationships that come from being familiar with this type of
business. It is just as natural for a business manager to relate certain
things as labor to sales , assets to sales, or net profit to sales, etc.
as it is for a seedsman to read the tag on a bag of seeds and evaluate
whether the seeds are viable and capable of producing a good stand upon
planting. You learn these relationships on seeds and once you beg in to
broaden your interest you can learn similar kinds of relationships in
the area of business just as well .
Our concern is that many people trained in a technical profession
never practice in that profession at all but instead pursue other vocational opportunities. Likewise, many technical people who do initially
practice in their field receive opportunities to move up to assume
greater responsibilities, many of which may involve supervision , business
management, budget preparation and profit control . Many seedsmen have
already experienced some of this.
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Mr. Harpool later referred to the fact that in 1978 his daily sales
exceeded the first year's annual sales of $42 ,000. Again , by the process of relationships he was telling us that his sales in 1978 should
approximate $9 million, that his assets in the company are approximately
$3 million and that his net profits should be in the vicinity of $100,000.
Another comment made by Mr. Harpool was that in 1962 he saw an
opportunity to expand business and add a new salesman . However, before
doing so he had his CPA prepare a budget for him as to how much annual
sales an additional salesman must obtain in order to justify his existence. Hi s CPA determined that $150 ,000 sales would have been adequate
to justify hiring an additional salesman.
From a . management point of view, however, he was telling us that it
is most important not only to measure the performance of existing salesmen but to have well defined performance standards , work assignments
and/or quotas for all new employees as well. Again he was referring to
measurement.
In 1965 Mr. Harpool initiated programs to bring closer working
relationships between his various department heads. Here he is suggesting the manageme nt approach of profit centers or cost control centers
that are so important to successful business, with each one being headed
by someone who has the responsibility for its performance and likewise
is held accountable.
I have often used the expression, .. your are married to the business, ..
when the chief executive officer was continously harrassed and bombarded
with little problems needing decisions both day and night . This happens
because no one else has been delegated the responsibility for making
decisions and held accountable for them, therefore, it is still up to
the boss.
Next, Mr. Harpool described how he began holding weekly staff
meetings more than ten years ago, and they are sti ll being held today .
This, again, is an excellent means of communication for keeping everyone
up-to-date on su~cesses, failures, and a balanced routine within the
total business operation framework.
The Harpool Seed Company closed down a specialized seed house in
west Texas because it was unprofitable. The operation could not be
justified and the prospects for future profits were not present . Again ,
this statement implies measurement; that someone was on top of the west
Texas seed house situation and knew its exact status on a continuous
basis.
Mr. Harpool told of havi ng 35 trucks under the superv1s1on of the
warehouse men and said that there were 90 people, all of whom had a
detailed job description; and they are in the process of developing
standards of performance to detail just what is expected. The Harpool
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Seed Company has their goals and objectives spelled out in black and
white with each department head participating in their preparation, plus
each department head prepares an annual budget and submits a detailed
plan for the future , which encompasses exi sting problems and what is
being done to solve those problems. Again, we are talking about future
pl ans, future directions and future measurements, all of which can be
used to monitor and measure accomplishments. The total corporation
productivity goals for 1977 were listed with 35 items , only a few of
which are singled out to be especially meaningful for a topic on management by objectives .
1.

To obtain better long term financing by means of a Farmers
Home Administration loan .

2.

Better balanced inventories .

3.

Shifting the end of the fiscal year over to a time when inventories were at a seasonal low .

4.

Shifting all vegetable seed to one distr ibution center i n
order to establish greater specialization and accountability.

5.

To redesign the employee incentive program to a company wide
support basis instead of the existing departmental incentive
system. This is in order to provide a better team approach
for the company as a whole rather than encourage distortions
brought about by the competitive nature within the departments.

Last but not least, Mr. Harpool referred to his five and ten year
detailed plans for the future, which are maintai ned and up-dated periodically.
Now let's look quickly at some of the more meaningful phases of
management by objectives . First , business management involves utilizing
a mixture of various resources. These resources we refer to as the 5
M's. They involve:
1.
2.
3.
4.
5.

Manpower
Money
Minutes
Materials
Machines

Manpower is by far the most expensive resource and mus t be used
sparingly and effectively. Money is also a very costly item and must be
used with conservation in mind . Minutes are extremely important and are
measured in units of 60; daily, weekly, monthly and yearly. Materials
may refer to supplies , raw materials or inventories, all of which are
costly if left idle . Nevertheless , it is critical for a business manager
to bring about the least cost combination of the various resources
utilized.

18

A business manager must also please four groups of people in order
to have the right just to stay in business, and those four groups are:
1.
2.
3.
4.

Customers
Emp 1oyees
Stockholders (owners)
Government

There are also four major elements of business that a good manager
must understand . They are :
1.
2.
3.
4.
as:

Fi nance
Accounting
Production
Marketing

Also the functions of a good business manager have been described
1.

2.
3.
4.
5.

Planning
Organizi ng
Directing
Coordinating
Controlling

Now I would like to change topics and show you some typical costs
of doing business in the seed industry. Remember that these are seed
processors and wholesale distributors, but they do not represent any
pure seed houses. Likewise it is not our intentions that these figures
should be considered representative of the seed industry as a whole but
only that they are the averages of the respective business involved in
the study. The validity of this study can be verified because of the
general nature of its approximation to other sources of information such
as Robert Morris Associates; Dunn and 8radstreet; the Cost of Doing
Business Studies of the Lawn and Garden Distributors Association; etc.
This information is presented in such a way that the averages of
all five are shown and then in separate columns , averages of the two
most profitable and the two least profitable also appear.
In Table 1 the operating statements show the average annual sales
for the companies in the respective categories. However , all of the
other information has been converted to percent of sales. A most significant element in the table is the fact that out of all expenses,
payrolls are the largest single category; and in fact, out of total
annual disbursement, are exceeded only by the costs of goods sold.
The balance sheet lists the average tangible assets for the firm in
each category, but everything else is presented as a percent of assets
or lia bilities and net worth. Notice the magnitude of inventories plus
accounts receivable among the assets. Inventories still hold potential
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Table 1.

Analysis of operating statements from five seed processing
wholesale distribution warehouses.
Item

Net Sales

Average
Averages of
of 5 busi- 2 most
2 least
nesses profitable profitable
------------Oollars------------ --1 ,661,000
2, 302 , 000 1,639,000
------- ---Percent of Sales-------100.0
100.0
100.0
76.7
78.6
78.6
23.3
21.4
21.4

Annual sales a
Cost of goods sold b
Gross margin
Expenses:
Payro 11
Supplies (including gas and oil)
Rent (or equivalent)C
Taxes and licenses
Advertising
Insurance
Bad debts
Utilities
Telephone
Depreciation
Travel and entertainment
Services purchased
Professional services
Miscellaneous (including repairs
and maintenance)
Interest (actual)d
Total expenses
Operating net profit
Other income e
Net Profit before income taxes

11.7
1.8
1.2
.7
.6
.6
.3
.1
.4
.7
.5
.6
.4

12.9
1.7
1.3
.7
.5
.7
.3
.1
.3
.7
.7
.6

10.9
2.5
1. 0
.8
.6
.7
.5
.2
.5
.9
.9
.6
.4

.5
.3
20.4
1.0
.8
1.8

.4
.4
21.4
1.9
1.4
3.3

.3
.3
21.1
.3
.5
.8

.1

a Net receipt from all merchandise sold and services rendered in
the usual course of business.
b Invoice price on delivered-to-warehouse basis .
c Actual cost of real estate used.

If property was owned, the
costs were converted to rent equivalent.

d Actual cost of borrowed capital .
e Cash discounts, commissions on sales tax, interest earned, sales
of fixed assets, collection of bad debts -written off, etc. that
are in addition to gross margin .
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Table 2.

Analysis of balance sheets from five seed processing wholesale distribution warehouses.
Item

Tangible assets
Assets
Current assets
Cash
Accounts receivable
Inventory
Prepaid items
Total current assets
Fixed assets
a
Fixtures and eqMipment
Cars and trucks
a
Leasehold improvements b
Total fixed assets
Other assets
Total assets

Liabilities and net worth
Current liabilities
Notes payable
Accounts payable
Accrued expenses
Reserves for taxes
Total current liab.
Fixed liabi li ties
Tota l liabilities
Net worth
Total liabilities and
net worth

Average
Averages of
2 most
2 least
of 5 businesses
profitable profitable
----------------Oollars------------559,945
845,595
492,058
--------Percentage of assets-------2. 5
35. 1
51.0
1.4
90.0

1.9
37.7
43.3
.8
83 . 7

2.5
30.2
57.6
2. 1
92 . 4

2. 6
2. 6
1.5
6.7

2.9
3.0
3.8
9.7

2.5
3.6
.0
6.1

3.3

6.6

1.5

100.0

100.0

100.0

Percent of liabilities and net worth
10.0
46 . 1
4.6
2.2
62.9
1.3
64.2
35 . 8

7.4
34.5
4.3
2.2
48.4
1.1
49.5
50 .5

17.5
49.0
6.2
2.7
75.4
2. 3
77.7
22 . 3

100.0

100.0

100.0

a Depreciated value.
b If the business owned real estate, it was removed from the balance sheet for the purpose of analysis and comparison . Real
est assets and real estate mortgage liabilities were considered
as though they were owned by outsiders . A rent equivalent was
calculated from expenditures and depreciation or real estate and
used in the opera ting statement .
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fo r profit. Accounts receivable are past the profit earning stage and
become a service factor if collected promptly or deteriorate profit when
carried too long or not collected at all.
Table 3.

Di rect variable expenses for sales , warehousing, and delivery
from five seed processing wholesale distribution warehouses .

Item

Average
Averages of
of 5 busi- 2 most
2 1east
nesses profitable profitable
----------Percent of sales -- --------

Direct variable sales
ex~enses

Personnel
Car
Travel
Total

2.5
.3
.3
3. 1

3.4
.5
.3
4. 2

1.5
.3
.4
2.2

3.0
.3
3. 3

2.8
.3
3.1

3.7
.4
4.1

1.5
1.7
3.2

1.9
1.2
3. 1

1.4
2.3
3.7

Direct variable warehousing
ex~enses

Personnel
Supplies
Total
Di rect variable delivery_
ex~enses

Personnel
Truck
Total

Table 3 is the direct variable costs of sales, warehousing and
delivery presented as a percent of sales. Each of these categories i s
an important function and a costly activity and should be monitored for
efficiency and productivity continuously.
Seedsmen should make excellent business managers since they have
been taught extremely good discipline and i nterpretation of various
ratios and measurements. Business management to a great extent involves
the same kinds of measurement and the same kinds of concepts that
seedsmen practice every day. Therefore, business management via the
management by objectives concept should be something that comes natural
and is certainly something that everyone of you could be able to do with
a minimum of extra effort .

QUALITY CONTROL - A MANAGEMENT TOOL
Richard L. Sayers lf
In the seed industry as with any industry supplying products for
sale to consumers, control of product quality is an extremel y important
factor in establishing and maintaining a productive and profitable
business operation. Today•s agricultural environment, coupled with
seemingly ever increasing operational costs to the farmer, have and are
continuing to result in increasing demands for better quality seed
products. To meet these market demeands, seed companies must be concerned about quality control programs designed to provide as uniformly
high quality seed as possible while still realizing a reasonable profit .
Because of current market demands and pressures for better quality
seed, all seed companies, regardless of size, must have some type of
quality control program if they expect to remain in business. During
the past 20 years many changes have occurred in farming operations and a
large number of these changes are dependent on the use of high quality
seed for success . Members of the seed industry, whether they are the
large companies with world-wide markets , or the small, locally-owned
company with a market over one or two counties , must acknowledge these
changes and the resulting increase in demands for better quality seed.
Quality control is thus an important management tool fo r all seed companies, for it is through such programs that a company is able to provide the level of seed quality which their customers are seeking .
Every seed company has certain min imum seed quality standa rds they
are required to meet. These are the standards set forth in the various
state and federal seed laws. A seed company's commitments to quality
control and providing seed quality above the legal minimums will vary,
depending on a number of factors, such as .company size, crops involved,
market demands, advances in cultural techhiques, and technological
advances in processing and methods of meas uring quality. Much of the
seed marketed in the United States today exceeds the minimum legal
germination levels which means that many seed companies have some type
of quality control program designed to provide improved seed quality.
Several basic steps are necessary for a seed company to establish
or expand a formal quality control program. These steps include:
1.
2.
3.
4.

l/

Management decision to strive for improved seed quality .
Identification of objectives and goals of quality control
program, including areas where quality is important.
Establish organization necessary to meet goals and objectives.
Establish operational procedures and standards for improving
and controlling seed quality .

Manager, Asgrow Research Center, Twin Falls , Idaho 83301.

Figure 1.

Qual i ty control is an important component of seed operations.
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Use of quality control programs as
industry, requires consideration of all
l ike to di.scuss each of these points in
emphasis on establishment of procedures
control program .

a management tool in the seed
of the above points. I would
more detail, placing primary
and standards in a quality

Impl ementation or expansion ·of a quality control program in a seed
company requires some level of investment in personnel, faci lities, and
operating capital . The first step in proceeding with establishing
or expanding a quality control program thus requires a commitment from a
company's management group to make the necessary investments to implement and maintain a quality control program and to work toward improving
quality of the seed products they market. After a company commits
itself to a program to maintain and improve seed quality, the real task
begins.
To
must be
quality
program
1.
2.

3.
4.

identify objectives of a quality control program , consideration
given to the various factors involved in seed qua lity. Seed
involves four general areas and an effective quality control
must consider all of these areas.
Physiol ogical quality
A. Germination
B.
Vigor
Physical quality
A.
Purity
B.
Physical condition (mechanical damage, size, etc.)
C.
General appearance
D.
Moisture content
E.
Freedom from insects
F.
Plantability
Genetic quality
A.
Varietal purity
Pathological quality
A.
Freedom from seedborne diseases

To identify objectives for a quality control program, a company
must first review each of the above areas in terms of what is currently
being done . This then establishes a base on which to build or expand a
company's quality control program. As was mentioned previously , the
basic objective of a seed company's quality control program is to provide as high seed quality as is possible and/or practical while still
realizing a reasonable profit. Inputs are necessary from all phases of
a seed company's operation to identify objectives and goals of a quality
control program , but the final decision rests on the company's ma nagement. There is frequently a delicate balance between cost and quality
and it is up to management to consider these factors in determining the
value of a quality control program and in establishing qua l ity contro l
objectives and company policies concerning quality.
After the objectives of a quality control program are established,
the next step is to provide proper organization within a company to
assure that the corporate quaiity control policies are translated into
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specifics and standards. The most effective way to accomplish this is
t o establish a quality control department with a manager who is responsible for monito r ing and controlling quality. For a small company , the
qual ity control department may consist of one individual, while in larger
companies a number of individuals may be on the quality control department staff.
A manage r may be defined as an individual who accomplishes an
organization's or company's objectives through other people. A quality
control manager is thus an individual who implements company quality
control policies and assures that corporate quality objectives are met
by utilizing services of personnel throughout the company. Quality
control involves personnel in nearly every area of a seed company operation from the plant breeder, to the field person, to the person in the
warehouse and the person analyzing the final product. It is through the
use of personnel throughout the company that a quality control manager
assures corporate quality objectives are met. The primary function of
the quality control manager is to collect quality information from
various sources, review the information and assure that all seed distributed meets or exceeds corporate quality standards.
Other duties of a quality control manager may include:
1.
2.
3.
4.
5.

Educating company personnel on qual ity control programs and
procedures.
Reviewing and updating quality control programs.
Investigation of complaints.
Meeting with customers .
Recommending and establ ishing quality standards .

Translating corporate policies or objectives for seed quality into
specifics or standards is the final step in establishing or expanding a
formal quality control program. This is frequently a difficult task.
Spec ific standards for seed quality are of value only if they can be and
are controlled and are reali stic in relation to cost . Thus , what is
desired must be carefully weighed against what is possible or economically practica l for each of the four general areas of seed quality genetic, physical, physiologica l, pathological .
Sampling
Tests for the various attr ibutes of seed quality are based on
evaluati on of samples; thus the first prerequisite to a good quali ty
control program is a good sampling program . Results of quality tests
are only as good as the sample on which they are based. It is therefore
important that good samp ling procedures be established and personnel
involved in sampling be made aware of the importance of sampl ing and be
educated on sampling procedures and standards. For quality evaluations
to be meaningful , they must be conducted on samples representative of
the bulk seed lot.
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Genetic Qual ity
Genetic Qual ity i nvolves trueness to type or variety, or consistency in inherited characteristics . Genetic quality is important to the
seed consumer because of field performance factors such as stand establishment, crop development, uniformity, and yield and resistance to
diseases . If a consumer receives a variety which is not adapted to his
area, is contaminated with high percentages of another variety which
develops and matures differently or is susceptible to diseases common to
the area, the grower may experience serious reductions in the productivity
of the crop and possible total loss. Genetic quality is thus an important
attribute of seed quality .
Maintaing varietal purity is a continuing program for seed companies.
These maintenance programs incl ude :
1.
2.
3.
4.
5.
6.

Renewal of planting stocks at breeder level.
Careful selection and isolation of production fields.
Close supervision of planting and harvesting operations.
Field inspection and roguing of seed production fields.
Careful handling of seed lots to prevent mechanica~ mixtures.
Conducting field trials or laboratory tests to confirm genetic
quality.

For companies that do not have their own facilities for conducting
plant outs, grow-out services are provided by severa l private companies
in the United States. A seed company may engage services of these
companies for seed lots where genetic purity is supected of being a
probl em.
Standards for genetic purity may be established in several ways.
For several types of crops , genetic purity standards are established by
state agencies, particularly in the production of certified seed. Requirements for genetic purity are also specified in various Federal
regulations. Establishing genetic purity standards within a company may
be based on demands of users of a particular crop or they may be developed
by the company through inputs from personnel in breeding, production and
marketing. In development of genetic standards , consideration must be
given to the undesirable off types for each species and standards developed which provide acceptable and realistic genetic qual ity levels. Genetic
uniformity assures the grower maximum yields of top grade produce within
the li mitations imposed by variation of soi l and other environmental
factors, and is thus an important consideration in evaluati ng seed
quality.
Physical Quality
Physica l seed quality involves a number of different factors. One
of the more important aspects of physical quality is purity of a seed
lot. Purity of a lot refers to the content of material other than pure
crop seed such as inert material, weed seed, other crop seed. Minimum
level s of purity are set forth in various state and federal seed laws
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and for most crops purity information is required on seed labels .
higher the percentage of pure crop seed the better the quality.

The

Purity is determined by the seed analyst•s thorough examination of
a representative sample. This analysis may be performed by a qualified
company analyst or may be done through various public or commercial seed
testing laboratories. Facilities required for conducting purity analysis
vary with different crops, and the facilities and procedures used for
small seeded species are more involved than for large seeded species .
Some special ized equipment is required for conducting purities and
personnel conducting the analysis must be well trained and qualified.
Other attributes of physical quality that must be considered to
provide a uni form standard seed product include general phys i cal condition
(freedom from mechanical damage, seed size, etc .) , general appearance,
moisture content, freedom from insects, and plantability .
Facilities required to evaluate these attributes of physical quality
will vary with different species and the degree of precision desired.
Evaluation of seed lots for mechanical damage, general appearance and
freedom from insects does not require elaborate equipment. These factors
may be evaluated by visual examination under l ow power magnification and
in some cases stains may be used to evauate mecha ni cal damage. Evaluation
of seed size requires the use of hand screens and the number of screens
required will va ry with the number of species involved, number of sizes
and the precision with which crops are being sized .
For larger companies that produce seed of a particular species at
several locations, it is desirable to have samples from the different
production faci li ties evaluated for physical quality at a common location. This is particularly important for attributes such as appearance,
where indi vidual judgement is involved in dete rmi ning product acceptabi l ity.
A centralized checking program provides better assurance of product
uniformity and compl iance with quality standards between processing
locations.
Seed moisture content is an important quality factor to consider at
harvest to assure that maximum seed quality is obtained and is a very
important factor in assuring that seed quality is maintained in storage.
For certain crops such as soybeans and garden beans, seed moisture
content is also an important consideration in obtaining satisfactory
germination and emergence under field conditions. The moisture content
of seed may be determined by various types of electronic testers or by
use of a drying oven and scale.
Assuring that seed can be planted with conventional planting equipment requires the use of planter check stands designed to simulate
planting equipment that will be used in the field. For crops such as
field corn and precision planted vegetables, assu r ing that the seed can
be properly planted and providing planting equipment recommendations is
an important quality consideration. Failure to consider plantability
for space or precision planted crops will almost certainly result in
customer complaints .
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Establishing physical quality standards for seed first requires
that the various types of tare or undesirable physical characteristics
be identified and l isted in order of importance in terms of potential
sour ces of complaints or problems.
The next step is to consider each of the undesirable physical
characteristics in terms of what can be done to prevent or remove the
undesirable components from the crop. Once these two steps are completed,
standards may then be developed for the various undesirable physical
characteristics, which will provide better quality in terms of customer
acceptance and are practical and attainable in terms of a company's
ability to meet the standards. Generally speaking, with the seed processing and handl ing equipment currently available, high levels of
physical quality may be attained with most kinds of seed.
To this point the discussion on physical quality has related primarily to the finished product and the impact in the market place.
Information on physical seed quality may be used effectively as a
management tool in seed company operations to assure that every dollar
spent is for a definite and specific purpose.
Evaluation of crops before and during various stages of processing
for physical quality, through an in-plant quality control program,
assures that each processing step has a spec i f i c purpose and can reduce
processing expenses by eliminating unnecessary processing operations.
Information on physical quality may also be used by seed companies
as a basis for implementing changes in production, processing or handling procedures to eliminate sources of undesirable physical qual ity.
This also can aid in reducing processing expenses .
Information from physical quality evaluations may be used effectively to upgrade the overall quality of a seed lot. Not infrequently a
seed lot is not marketabl e because of low germination and/or vigor . For
a number of species it is possible through evaluation of various physical attributes of a seed lot to upgrade germination and vigor sufficiently
to permit the lot to be marketed. Routine checking of substandard lots
frequently permits upgrading of physical and physiological quality to
above standard levels.
Consideration of the physical attributes of seed quality thus
serves as a management tool for upgrading the quality of product placed
on the market as well as a tool for controlli~g overall production costs
for seed crops .
Another area of seed quality that is receiving increased attention
is that of seedborne diseases. In a few states regulations have been
established for some serious seedborne diseases, as a means of reducing
the spread of seedborne pests and diseases. Because seed health testing
requires specially trained personnel and specialized equipment, much of
the seed health testing is currently being done in public laboratories.
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Pathological tests on seed lots may be used by seed companies to
determine effectiveness of production disease control and inspection
programs, to determine the effectiveness or need for seed treatments and
for seedborne diseases that are hazards to crop production. A company
may elect not to distribute contaminated lots on the basis of such
tests.
Except in a few cases where seedborne diseases represent a serious
hazard to crop production or where states have established regualtion
for seedborne pathogens, specific standards for seedborne diseases are
not being widely utilized. For the more important diseases, private as
well as public researchers, are devoting a significant amount of effort
toward development of varieties resistant to the diseases .
Physiological Quality
The last area of seed quality, and the one which is currently
receiving the greatest emphasis, is that of physiological quality
including both germination and vigor . In 1939 the Federal Seed Act was
established and required that crop seed in interstate commerce meet
minimum germination levels and also required that seed be labeled for
germination. This law was enacted to prevent misrepresentation of seed
in commercial channels. The Federal Seed Act, along with various state
seed laws, provided a reasonable guarantee that seed was of at least a
minimum level of viability and was accurately labeled for germination.
Along with enactment of the various seed laws, procedures were also
developed and published to standardize germination testing. These
procedures were designed to measure the maxi mum germination potential of
a seed lot under optimum conditions. Enactment of state and federal
seed laws undoubtedly had a favorable effect on the qual ity of seed in
the marketplace and for a number of years germination provided an adequate measure of the physiological quality of seed lots.
In the late 1950's and early 1960's the need for additional physiological seed quality measurements to supplement the standard germination
test was identified and by the mid-1960's this need was well documented
for a number of crops. The need and demand for these additional physiological qua lity measures resulted from changes in farming practices
such as precision planting, planting crops earlier or under stress
conditions, reduced seeding rates, etc .• and general advances in agricultural technology, many of which were dependent on the use of high
physiological quality for success. Growers as well as seedsmen recog nized that two lots of the same variety having identical germination
would not necessarily perform the same when planted under identical
conditions. Thus it was during the mid to late 1950's that the term
vigor began to receive recognition along with germination as a measure
of physiological seed quality. Today both germination and vigor are
recognized as being important quality measures, by the Seed Trade as
well as seed consumers, to better evaluate the field performance potential of a seed lot .
Evaluating the physiological quality of seed requires specialized
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equipment and well trained personnel. Conditions for testing the
viability of different kinds of seed are specified in the Association of
Official Seed Analysts "Rules for Testing Seed 11 and specialized germination equipment is necessary to maintain the temperature, moisture and
light conditions prescribed in these rules. Different kinds of seed
require different germination conditions, thus the requirements for
equipment increase with the number of species being tested. Germination
chambers are relatively expensive and sizable investments are necessary
to equip a germination lab for testing a wide array of vegetable and
agronomic crops.
The Rules for Testing Seed also specify procedures for planting and
evauation of germination tests and training in seed technology is necessary for personnel conducting germination tests, to provide uniform
consistent results.
Germination quality standards may be established in several ways.
For a number of crops germination standards are established by the Seed
Trade as a whol e and seed consumers . With crops such as field corn and
lettuce most seed in the marketplace germinates 90% or above. With
crops such as these a company must establish their germinati on standards
in line with the rest of the seed industry, in order to be competitive.
For crops where industry standards or germination levels have not
been established, such standards may be established relatively easily by
individual companies . Minimum germination levels or standards are set
forth in the various state and federal seed laws. A seed company would
thus establish its standards above these legal minimums at a l evel that
is real istic in terms of being able to consistently meet the standard
and which provides an acceptable level of qua lity to the consumer . As
with any quality standard, germi nation standards are of value only if
they can be and are controlled, and are realistic in terms of cost .
Facilities and equipment required for vigor testing are generally
more sophisticated and specialized than that required for germination
testing. A wide variety of vigor tests have been developed, ranging
from the rather simple cold test to sophisticated tests measuring respiration rates of seed. Vigor tests are being used fairly extensively
by the Seed Trade in in-house quality control programs. The types of
tests conducted will depend on the crops involved, facilities and
equipment available , and the particular attribute of vigor being considered (potential for stand establishment, yield or storability).
At the present time the only way vigor tests may be used effectively in regulating or controlling seed quality is as a qua li ty measure
in in-house quality control programs by seed companies . Many of the
larger companies that have been involved in vigor testing for a number
of years have been using various types of vigor tests for some time as
in-house quality control tools and have established standards for their
vigor testing programs. While vigor tests can and are being used successfully as in-house quality measures, these same tests have too many
serious limitations and are not sufficiently standardized to justify
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their use in an official or regulatory capacity. Problems that limit
application of vigor tests from an official standpoint , such as standardization of procedures, interpretation of results, utilization and
application of test results, etc., can be resolved much more readily and
effectively in an individual quality control program or laboratory than
they can between laboratories.
Vigor tests are an important measure of seed quality, but currently
the only area where they have sufficient reliability to permit establishment of standards is in individual quality control programs. As an
in- house management tool vigor tests may be used effectively in varietal
development programs, seed production operations, seed processing
operations to maintain and maximize seed quality, packaging and storage
programs and most important to upgrade the quality of product placed on
the market .
While many of the larger seed companies maintain thei r own seed
testing laboratories for germination and vigor testing, many public and
private testing laboratories are also providing these services. Thus,
even the small companies who do not maintain their own testing facilities have access to complete evaluations of physiological quality for
the crops they handle.
In the preceding paragraphs I have attempted to cover the primary
factors that are involved in developing and establishing an effective
quality control program and to review the principal attributes of seed
quality in terms of their importance, how they are evaluated and how
results of seed quality evaluations can and should be used as management
tools in seed company operations . Demands for better quality seed are
increasing and seed companies cannot meet these demands unless they
establish and use effective quality control programs . Seed Companies,
regardless of size, that fail to acknowledge the importance of seed
quality and use of quality control in their management systems will soon
be out of the pi cture.
While quality control programs are currently necessary for effective management of seed company operations to meet customer demands for
better quality seed , they also offer significant opportunities for
improving overall operational efficiency within a company. Frequently
quality control programs are viewed negatively and such attitudes generally result from failure to recognize the significant value quality
control programs have for seed companies, as wel l as seed consumers. An
effective quality control program benefits the seedsman as well as the
consumer and should be viewed by seed companies as an asset and not a
liability. An effective quality control program is an essential management tool for seed companies today , and the importance of such programs
is almost certain to increase in the future.

PROBLEM RESOLUTION THROUGH MANAGEMENT
By Walter Monti lf
The primary objective of this presentation is to identify and
discuss some management methods, techniques and attitudes that can
contribute to solving problems in your plant.
A problem is any situation that is not as we would like it to be.
Reducing or eliminating the difference between the way it is and the way
we want it to be is solv ing the problem. We can find these conditions
in all segments of our environment - in our relationships with our
fami lies, our community, our employees, and in our plant equipment.
Almost everything has room for improvement.
While the techniques we will be presenting can be applied to every
situation to varying degrees, the language, the dialogue, and the participants wi ll be unique for each problem. In order to simplify my communications problem with you, so all can readily relate to the problems,
I will confine my remarks to plant problems of a physical nature. These
types of problems lend themselves to classic treatment and to more
positive resolutions than do personnel problems .
ATTITUDES: The approach one takes in solving a problem is of major
importance. The attitude of the manager toward the problem dictates the
approach. We, as managers or problem-solving leaders, must make a conscious effort to position our attitudes properly in order to manage and/
or organize the probl em-solving system for maximum results.
1.

We should recognize that a solution can be found for every
problem. The solution may not always be acceptable. The time,
money and resources required to f ind the solution may be more than
we can pay. The taxpayers of our great country spent billions of
dollars and a decade to put a man on the moon. We substantially
eliminated polio from our world. What about television? Organ
transplants? In the face of these facts, who can say anthing is
i mpossible?

2.

We should recognize that the forces of management are irresistible. Any l eader can accomplish anything he wants if he is
willing to pay the price in time, in money and in blood, sweat or
tears.
A leader's job is to motivate his people and his peers.
Everyone has a 11 hot button 11 which makes him respond. To some it is
money, to others it is status, or recognition, or the satisfaction

1/ Mr. Monti is Manager, Seed Corn and Grain Processing, F.S.
Services Inc., Bloomington, Ill.
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of a job well done. Even KITA works with a few. The leader who
discovers his people•s hot buttons and uses this knowledge to
benefit his people and to further his aims can accomplish anything
at some cost.
3.

We should recognize that 90% of all research (problem-solving
investigations) being conducted today has been done before.
Just think of how much time and money we could save if we could
find the people who have already done the work we want to do
and cou ld ask them. Of course , we should expect to find most of
the solutions found in the little-known research experiments did
not perform satisfactorily . It is very helpful to know the things
that would not work, for it helps to narrow our choices and points
toward solutions that will work. The successful research is
quickly adopted and becomes common knowledge . A great fund of
useful knowledge about every problem would be available to us if
we knew who and where to ask. I have often said that if I knew
who to ask I could get more free knowledge than I could buy at
any price from any qualified expert in the field. Where does one
start asking -- At home? At the plant? His neighbors? Everywhere!
He must let people know he has a problem and is looking for a solution or for someone who already has a soluti on .
After asking people in his area, he may need to broaden his
inquiry in an ever-widening circle to include the Crop Improvement
Association, state control labs, the extension servi ces and t he
col l eges. One of the major reasons I attend field days, conventions and short courses such as this one, is to meet people who may
be able to supply me with new ideas and information that could lead
to more effective sol utions.

4.

We should recognize that we have a limited amount of time and
money that can be devoted to solving a given problem . The successful solution to the problem should be worth far more to you
than you r cost in resources. None of us represent non-profit
organizations , even if it may turn out to be that way some years.
One should weigh the value of a problem•s solution against an
estimate of the time, the cost and the probability of finding a
successful solution.
We have noticed, as we gain experience, we do not seem to
col l ect answers. What we seem to collect are more questions . All
of us have more problems than we have time or money to solve. The
most important task of the problem-solving manager is to set priorities. That is, to pick the problem he can solve which will have
the most favorable impact on his business. We need success in
probl em-solving to pay our way, to hel p motivate our empl oyees and
to win the future support of top management.
Having made inquiry of many of our friends as to possible
sources of information and possible solutions to our problems, we
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should have sufficient knowledge to estimate (a) the likelihood of
f inding a satisfactory solution, (b) the amount of work , (c) the
cost, and (d) the time frame we will need to identify and institute
our solutions.
These factors are weighed against the value of having the
problem solved in the time schedule we have estimated. This analysis provides the basis for setting priorities , for attempting to
solve the problem or dropping the proposal in favor of other more
fruitful endeavors.
PROBLEM SOLVING: Every solution to a problem has two dimensions.
One is the technical or mechanical aspect. That is, how well does the
machinery or equipment fit the need? The second dimension is the people
aspect. How well will the solution be accepted by the people involved.
The perfect mechanical solution to a problem i s of little value if no
one is able or willing to run the machine. At the other end of the
spectrum, I have seen motivated employees willingly tackle and solve a
difficult mecha nical problem by attention and work beyond the call of
duty.
In considering the likelihood of finding a satisfactory solution,
one must consider the affect on all the people involved - not only your
people who will be ins tituting a change i n procedure but also the people
who will be the recipients of the change. Wherever possible, involve
the people who will be affected Qy_ the decision in the decision-making
process.
To analyze a problem effectively, a manager takes these steps in
this order. For large and complex problems, one should formalize this
process by having the steps in written form:
1.
2.
3.

State the problem clearly. What?
Gather data to quantify the problem.
When? Where?
Identify probable causes. Why?

How much?

How often?

To make a good decision, a manager takes these steps:
4.
5.
6.
7.
8.
9.

Involve knowledgeable peop le, particularly those who are
affected by the solution.
Set objectives. What must the solution accompli sh? Are
there additional benefits that might be had? What time
limits apply?
Get ideas. Use your people. Use "brain-storming." No
idea is too wild.
Evaluate alternatives . Use your people to help you select
the best ideas.
Test the best alternatives. Will the idea work mechanically?
Will the peop le accept the new method?
Make your decision. Institute the new method or re-evaluate
the project. The problem isn't solved until the new methods
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are implemented and in satisfactory use. Implementation may
require the manager to take these steps:
10. Make further decisions. Adjust the methods and perfect the
techniques.
11. Establish controls. Set guidelines. Measure performance.
Make comparisons between what happens and what should have
happened.
12. Provide feedback. Continue to monitor results. Let participants know the degree of success of their efforts.
Last but not least, be aware that problem-solving is not easy . All
the easily solved problems have been conquered long ago. All that is
left for us are the hard-to-answer problems. Be prepared for less than
perfect answers and some fa ilures. Progress is slow but irresistible.
Many successful seedsmen use some variation of these problem-solving
techniques to advance their position. What are you doing to stay
abreast of them?

VIGOR TESTS: POTENTIAL FOR STANDARDIZATION
Miller B. McDonald, Jr. lf
Today, the concept of seed vigor continues to attract increasing
attention from the seed industry. Farmers believe that seed vigor
information will enable them to make economic decisions regarding the
cost of seeds, earliness of planting, quantity of seeds to plant, and
the anticipated uniformity of stand . Seedsmen believe that seed vigor
information will aid them in monitoring seed quality during the various
processing phases of seed production. Seed vigor tests might reveal
where loss in seed quality occurs during combining, cleaning, drying,
storage, bagging, etc. and may pinpoint adverse practices which could
then be improved. Seed vigor tests could have a significant impact on
improving the quality of seed which would result in important economic
cnsiderations for the farmer and seedsman alike.
Yet , confusion sti ll exists as to what seed vigor is and whether it
can actual~y be monitored by a seed vigor test . Some of this confusion
can be attributed to the l ack of a formally accepted definition of seed
vigor which could clearly establish the criteri a a vigor test must
measure . Other factors may include the array of proposed vigor tests
and the complexity of developing standardized guidelines for each test.
This report will attempt to clarify what seed vigor is, what constraints
are imposed on vigor testing, how seed vigor is measured, how vigor
tests can be standardized, and what the future of seed vigor testing is.
Only through addressing these areas can the potential for standardization
of vigor tests be fully understood.
What is Seed Vigor?
The Federal Seed Act dictates that seed quality is determined by
two principl e factors : seed purity and seed germination. Seed purity
tells the seedsman and consumer how much unwanted material i s present in
the desired pure seed and specifies the nature of each contaminant . Seed
Germination is intended to assess how alive or dead the purchased seed
is and is defined as, "the emergence and development from the seed
embryo of those essential structures which, for the kind of seed in
question, are indicative of the ability to produce a normal plant under
favorable conditions" (1). However, this definition and the general
philosophy of germination testing have proven inadequate for assessing
potential field emergence for the following two reasons:
1. The definition refers to the ability of a seed to produce a
normal plant under favorab l e conditions . When seeds are germinated ,

1/ Assistant Professor, Department of Agronomy, The Ohio State
University, Columbus, OH 43210 .
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only optimum test conditions such as substrate, moisture, temperature,
light, and adequate testing time are employed to insure that maxiumum
germination percentages are obtained. Unfortunately, optimum conditions
are rarely encountered in the field and it is not surprising that field
emergence is often less than that predicted by the germination test.
2. The germination test fails to take into account the progressive nature of seed deterioration. A seed is considered germinable when
it has fulfilled the criteria established for the production of a normal
plant. Therefore, seeds are classified as either germinable or nongerminable with no distinctions provided for "strong" or "weak" germinable seeds. Such information would be useful since we can forecast that
11
Weak" seeds will soon deteriorate and be classified as non-genninable.
Germination testing . therefore, does not provide a complete evaluation
of seed lot deterioration.
These inherent weaknesses of the seed germination test have been
with us a long time and have resulted in dissatisfaction among seedsmen
and farmers. Consequently, interest has been spurred to develop another
or supplemental parameter of seed quality. This component is now known
as seed vigor. Unfortunately, there are many misconceptions concerning
seed vigor. This is exemplified by the array of definitions proposed
for seed vigor which were recently collected by Heydecker (4). Because
of this confusion, it is important that seed vigor be formally defined.
The two major seed testing organizations, the International Seed Testing
Association (ISTA) and the Association of Official Seed Analysts (AOSA) ,
have charged their vigor testing committees with proposing a specific
definition for seed vigor. In May, 1977, at the Madrid, Spain meetings,
the ISTA group proposed the following definition for seed vigor: "Seed
vigor is the sum total of those properties of the seed which determines
the potential level of activity and performance of the seed or seed lot
during germination and seedling emergence.'' Included among the aspects
of performance were: (1) biochemical processes and reactions during
germination such as enzyme reactions and respiratory activity, (2) rate
of uniformity of seed germination and seedling growth, (3) rate of
uniformity of seedling emergence and growth in the field, and (4) emergence ability of seedlings under unfavorable environmental conditions.
Factors which cause changes in the level of seed vigor include the
genetic constitution of the seed; environment and nutrition of the
mother plant; stage of maturity at harvest; seed size, weight, or specific gravity; mechanical integrity; deterioration and aging; and pathogens. This definition is considered an "academic" definition because
it discusses, identifies, and describes seed vigor, i . e. , it attempts to
relay what seed vigor ~ In June, 1978, the AOSA Vigor Testing Subcommittee proposed the
following definition for seed vigor, "Seed vigor comprises those seed
properties which determine the potential for rapid uniform emergence and
development of normal seedlings under both favorable and stress conditions." This version takes the result of seed vigor and quantifies it
in terms of ra pid uniform emergence and development of normal seedlings.
Thus, this definition focuses on what seed vigor does and is, therefore,
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considered to be an "operational

11

definition.

Regardless of whether an academic or operational definition is
preferred, the emphasis on both definitions is on seed performance under
a wide range of environmental conditions. This provides us with specific criteria to evaluate the performance of vigor tests. But , what
actually determines seed vigor and what should a vigor test measure?
Delouche and Baskin (3) proposed a sequence of events which leads to
increasing deterioration, culminating ultimately in loss of germinati on
(Figure 1). Al though this model remains hypothetical and still requires
experimental documentation, the authors emphas ize that loss of germination is the final consequence of seed deterioration and is preceded by a
myriad of changes in biochemical and physiological processes. A closer
examination of this deteriorative scheme reveals that those changes
which precede loss in germinati on could serve as vigor tests. Ideally,
the ultimate vigor test would be that event which is fartherest removed
from loss of germinability, e.g., membrane degradation. Many of the
vigor tests being considered for standardization are testing one of the
factors along this path of seed deterioration .
The Constraints Imposed on Vigor Testing.
It would seem from the preceding discussion, that we merely have to
develop mechanisms to measure some aspect of seed deterioration prior to
loss of germinability. But, it is not that simp le . The seed industry
has established certain limitations to which each vigor test, in general,
must adhere (5). A vigor test must be:
1.

Inexpensive- Due to limited resources in seed testing laboratories,
it is important that a vigor test require reasonably priced equipment and supplies.

2.

Rapid - Every seed laboratory has periods of peak activity when seed
samples arrive for testing simultaneously. During these periods,
the addition of another seed quality test in conjunction with the
routine germination and purity analyses will place a further burden
on the seed analyst. So it is important that the vigor test be
conducted rapidly to keep analyst evaluation time at a minimum.
Further, a vigor test which is not rapid will tie up needed germina tor space as well as delay the reporting of results to the anxious
seedsman.

3.

Uncomplicated -A vigor test which requires sophisticated equipment
and intricate procedures can become expensive. It may involve detailed training of evaluating personnel or may necessitate the
hiring of seed analysts with advanced degrees who are capabl e of
understanding and performing the required operations . Where possible,
we should strive to keep all operations simple in order that they
can be competently conducted in seed laboratories with current
personnel at a reasonable cost.
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4.

Objective - For a vigor test to be easily standardized, a quantitative or numerical assessment of seed vigor should be emphasized.
Such a system eliminates subjective interpretations by seed analysts which is the major source of variation in reported results
between laboratories. Since a vigor test is a more sensitive
measure of seed viability than the germination test, the objective
interpretation of vigor results becomes even more critical.

5.

Reproducible - The success of any test depends on its reproducibility . If test results cannot be repeated due to intricate procedures, difficulty in interpretations, etc . , then a comparison of
results between laboratories for the same lot of seed becomes
meaningless. Thus, before adopting any vigor test for routine seed
testing, we must insur e that the results can be duplicated.

6.

Correlated with Field Performance - The preceding definitions of
seed vigor emphasize the relationship between seed vigor and
anticipated field performance. Consequently, the ultimate value of
any vigor test will be determined by its ability to predict field
performance.

Clearly, these specific requisites of a seed vigor test make its
selection more rigorous. Certain vigor tests can adequately quantify
seed vigor but they may be unacceptable because they fail to fulfill the
requirements listed above (6). Such requirements effectively reduce the
number of vigor tests under consideration. However, we must also focus
on what we want a vigor test to do. The following questions are pertinent
to the development and standardization of a vigor test:
1. Should a vigor test mo nitor the vigor of a seed lot or of each
individual seed comprising the lot? The following hypothetical example
is provided to illustrate this question. Two lots of seed are given:
lot A possessing 60 seeds at a 100% vigor level and 40 seeds at a 0%
vigor level and lot B containing 100 seeds at a 60% vigor level . If a
farmer were to plant these lots under adverse environmental conditions,
he would obtain two different emergence results with lot A clearly outperforming lot 8 due to its greater proportion of high quality seeds .
The seed analyst may be asked to test these two lots of seed for vigor.
If the analyst is using a bulk test which evaluates the seeds in grou ps
of 100, he will find that the test will indicate that both lots A and 8
perform at a 60% vigor rating. On the other hand, a vigor test which
evaluates individual seeds will be able to detect the differences in
seed quality of these two hypotetical lots . Although this example
suggests that individual seed evaluation is superior to bulk testing, it
must be remembered that bulk testing is more rapid and less expensive
than si ngle seed measurements .
2.
Should a vigor test be universal for all seeds or designed
specifically for certain crops such as corn or soybeans? Reproducibility
of test results is more likely to be achieved when the seed analyst is
required to be familiar with the fewest number of vigor tests poss ible .

42

This enables the analyst to develop confi dence with the tests. Unfortunately, the diversity of seed types , their ability to respond uniquely
to adverse conditions, and the ir distinct genetic constitution may
necessitate the use of an array of vigor tests developed for each major
crop. This possibili ty would increase the expense of vigor testing requiring additional equipment and supplies - and cause further temporal
and technical demands on the seed analyst . Where possible, development
and utilization of a vigor test which can be universally applied to a
larger number of crops should be emphasized.
3. How should vigor be expressed? In an attempt to make vigor
information useful, various investigators have proposed different
methods of expressing seed vigor results . One possibi l ity is to use
categories such as high , medium , and low. Although these categori es
have meaning to the seedsman and farmer, they do pose certain difficulties. A categorial system requires cut-off lines to delineate
groupings. If i t is establ ished that 70% and above is the cut-off point
for high vigor seeds, a seedsman possessing a seed lot with a value of
69% may request that his seed be retes ted in the hope of increasing its
rating and subsequent market value. The problems of this system become
more manifest if tolerance values and test variations are also considered .
Other re searchers suggest that percentage values are useful. However,
this expression is closely related to germination and it is surprising
how often germination and vigor concepts become intertwined and confused.
Finally, the very nature of the seed vigor test may dictate how vigor
test results are expressed. For example, the conditivity test expresses
results as umhos/g seed and the seedling growth rate test is expressed
as mg dry weight/germinated seedling. These evaluations have little
meaning to the seedsman and farmer and will require thorough explanations before they can be adequately interpreted . Whatever system of
reporting results is ultimately sel ected for a vigor test, it cannot be
overemphasized that accompanying explanations of the data should be
provided .
4. Will one vigor test provide all the information we need or
should we design a battery of vigor tests to provide more exact information? Through continued research, we are gaining greater confidence
regarding vigor test capabi li ty. We know which facets of seed quality
each vigor test measures. As a result, it has been suggested that vigor
tests be used to compl ement each other and enable a better assessment of
seed viability . However, there is a point of diminishing return where
the additional information gained becomes uneconomic. Hopefully, as we
continue to develop and refine vigor tests, a single test will prove
successful for seed testing laboratories.
5. How will dormant and treated seeds be evaluated? Some crops
are dormant at the time of seed testing and rapidly lose this dormancy
by the time of planting. However, since many vigor tests rely upon some
quantitative assessment of seedling growth to monitor seed vigor, should
dormant seeds be considered low in vigor? Similarly, treated seeds
often perform better under field conditions tha n nontreated seeds.
Although man has artifically altered the performance capability of these
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seeds, should seeds be vigor tested in the treated or nontreated condition? These questions must still be addressed when interpreting vigor
test results.
How is Seed Vigor Measured?
The constraints imposed on vigor testing have clearly limited the
types of vigor tests which are under consideration. Despite these
restrictions , however, several vigor tests have been developed and
outlined by the AOSA Vigor Testing Subcommittee in "The Progress Report
on the Seed Vigor Testing Handbook'' (10). It is beyond the scope of
this report to detail these procedures. However, it is important to
list the vigor tests and briefly mention and describe the merits of each
test for standardization.
1. Accelerated Aging Test- This test embodies many of the important traits characteristic of a vigor test . Initially proposed as a
method to evaluate seed storability, the accelerated aging test subjects
unimbibed seeds to conditions of high temperature (41C) and relative
humidity (100%) for short periods (3- 4 days) . The seeds are then
removed from the imposed stress conditions and germinated under the
optimum conditions specified by the "Rules". This test possesses the
following important criteria of a seed vigor test: rapid, inexpensive,
simple, universal for all seeds, capability for individual seed evaluation . Although these assets make this test appealing, reproducibility
of results within and among seed laboratories has not been achieved.
This variation is attributed to many factors. Recent results suggest
that a modification of the accelerated aging chamber would be beneficial
(2). Another study has shown that differences in initial seed moisture
should be considred when interpreting this test (8) . As these factors
are standardized, the accelerated aging test may become one of our most
reliabl e vigor test .
2. Cold Test - The cold test is one of the oldest methods of
stressing seeds and is most often employed for evaluations of seed vigor
in corn. Seeds are placed in soil or paper towels lined with soil and
kept in the cold for a specified period. During this period, stress
from imbibition, cold temperature, and microorganisms occurs . Following
the cold treatment, the seeds are removed and placed under favorable
growth conditions as specified by the "Rules ". The greatest difficulty
with the cold test is the inability to standardize field soil . Soils
differ in moisture, pH, particle composition, pathogen l evels, etc., and
these parameters contribute to divergent results. Vermiculite, a more
easily standardized medium, has recently been proposed as a possible
solution to the inherent variabili ty of soil conditions. However,
others maintain that a cold test requires field soil to be successful.
In spite of these difficulties, seed vigor rankings by the cold test
remain consistent within laboratories lending support to the premise
that this is a most useful seed vigor test.
3. Conductivity Test - Low vigor seeds have been shown to possess
poor membrane integrity as a result of mechanical injury and storage
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deterioration. When seeds are imbibed, cells having poor membrane
structure release cytoplasmic solutes into the imbibing medium . Those
solutes with electrolytic properties carry an electrical charge which is
detected by a conductivity meter . Measurements of the conductivity of
leachates from seeds is a rapid, precise, inexpensive, and simple procedure. However, initial seed moisture (9) and seed size can affect the
rate of solute leakage and may require further standardization efforts.
Additionally, seed treatments influence conductivity measurements necessitating their removal before determinations are made. The conductivity
test also evaluates the leachate of bulk samples rather tha n individual
seeds.
4. Cool Germination Test - Unlike the cold test, the cool germination test is conducted under standard laboratory conditions at low temperature (18C) and does not rely upon the activity of microorganisms to
stress the germinated seeds. It has been demonstrated that low vigor
seeds from a warm season crop such as cotton will culminate in decreased
growth rate and germination under these conditions. The majo r advantage
of this test is that it is conducted using the routine procedures for a
germination test and the standard criteria for normal seedl ings as
specified by the "Ru les". Its prinicpal disadvantage is that the test
is limited to cotton.
5. Seedling Growth Rate Test - Vigorous seeds are able to efficiently synthesize new materials, rapidly transfer these new products to the
emerg ing embryonic axis, resulting in an increased dry weight accumulation.
The seedling growth reate test is based on this concept and vigor results
are consequently expressed as mg dry weight/germinable seedling. This
test is generally conducted according to the standards for the routine
germination test. After germination evaluations are made , the growing
segments of the embryo from normal seedlings are excised from the storage
organs (cotyledons or endosperm) to minimize seed size differences,
placed into beakers, and dried at 80 C for 24 hours . Following the
drying period, dry weight is determined to ascertain the dry weight
increase . Since seedling growth rate i s correl ated with vegetative
development in the field, this test offers substantial promise. However ,
certain standard ization factors stil l need to be addressed. Small differences in moisture and light intensity can have significant effects on
the rate of seedling growth. This test may also require standardization
for spec ific varieties since rate of seedling growth ca n be under ge netic
contra 1.
6. Seedling Vigor Classification Test- This vigor test is an
expansion of the routine ge rmination test, requiring the seed analyst to
further classify "normal" seedlings into "strong" and "weak" categories.
Since the test requires no additional equipment and employs concepts and
terms familiar to seed analysts, this test becomes particularly attractive . Despite these immense advantages, however, this vigor test is
faced with one serious standardization difficulty. The correct evaluation of germination by seed analysts is difficult to obtain because it
is subjectively assessed. The AOSA and SCST maintain active referee
programs for this reason in order to identify laboratories with inter-
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pretive germination difficulties. To further separate "normal" seedlings
into two additional categories is a subtle task; perhaps beyond the
reach of the average seed analyst.
7. Tetrazolium (TZ) Test - The TZ test is one of our most valuable seed analysis tools. This test relies upon the action of the TZ
mo l ecule to react with hydrogen atoms realeased as a result of the
activity of dehydrogenase enzymes to form a water insoluble red pigment
called formazan which identifies living tissues. A trained seed analyst
evaluates the seeds for staining pattern color intensity, and subjectively
places the seeds into prescribed vigor categories rangi ng from strong to
weak. This vigor test correlates well with seed vigor in the hands of a
trained analyst but is subject to certain standardization difficulties.
Foremost among these is the ability of a technician to ascertain whether
a seed i s vigorous. Such evaluations require considerable training in
TZ stain ing and embryo morphology. The TZ test also fails to detect
seed treatment phytotoxicity, heat injuries incurred from artificial
drying, and fails to reveal seed dormancy. However an extensive educational program exphasizing interpretation of stained seeds could result
in consistent and reliable TZ evaluations.
How Can Vigor Tests Be Standardized?
Clearly, the number of vigor tests being considered for adoption
into routine seed testing programs is indicative of the amount of standardization work remaining. It is not possible that all the vigor tests
described here can be used effectively in one seed testing program.
Therefore, there must be a mechanism by which an analysis of vigor test
capability can be attained. Such a system would allow us to discard
less useful tests and concentrate on those tests displaying the most
promise . To undertake such an evaluation, the AOSA Vigor Testing
Subcommittee established a "referee" of vigor tests in 1977. The "referee"
was initiated by forwarding a questionnaire to over 150 AOSA-SCST laboratories requesting their participation in the program (Table 1). The
responses indicated that 1 out of 5 laboratories queried were conducting
seed vigor tests. Most of the laboratories were capable of evaluating
the vigor tests under consideration by the AOSA and the crops most often
tested were corn and soybeans. Therefore, three lots of Midiowa hybrid
corn and three lots of Wells soybeans of differing vigor levels were
obtained for the 11 referee ". These lots were replicated once providing a
total of 6 corn and 6 soybean samples which were randomly numbered,
packaged, and forwarded to participating laboratories for testing.
Written guidelines for conducting each vigor test accompanied the seed
samples to insure that test procedures were i dentical between laboratories. The complete results and discussion of these data have been
presented elsewhere (7) and only a synopsis of the results will be
provided here .
Three criteria were analyzed in the "referee ".
(a)

These included:

Which vigor test(s) can accurately separate seeds into approriate vigor categories?
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Table 1.

Results from AOSA-SCST questionnaire regarding par ticipation
in the 1977 AOSA "referee" program.

Yes

No

1.

Is your laboratory currently evaluating seeds
according to vigor?

38

35

2.

Is your laboratory willing to cooperate in a
vigor test "referee" program organized by the
AOSA Vigor Committee?

45

28

3.

What type of vigor test(s) is your laboratory capable of eval uating?
a.

accelerated

b.

cold test

aging~

26

c . conductivity __7__
d.
4.

cool germination

test~

e.

seedling growth

f.

seedl ing vigor class ification

g.

slant board 12

h.

tetrazolium 32

rate~

~

What seeds are general ly vigor tested by your laboratory?
Corn (27),

Soybea ns (23),

Peanut (8),

Lettuce (5),

Sorghum (10),
Others (18).

Beans (8) ,

Cotton (8),
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(b) Can the testing laboratories reproduce their results?
(c) Can the testing laboratories reproduce results of other laboratories?
Following receipt of the data, a statistical analysis was conducted
to address these questions. Each vigor test studied correctly identified and ranked the seed lots for both corn and soybeans (Table 2).
Additionally, each laboratory was able to repeat these rankings within
their own laboratory. Although the ran kings of seed lots were comparable between laboratories, their quantitative evaluations were not consistent . Only the germination , cool germination, and cold tests for
corn and the germination and conductivity tests for soybeans showed no
significant differences in results between laboratories. These data
suggest that the germination test may be our best vigor test since it
correctly ranked the vigor levels for corn and soybeans and is already
standardized. However, an evauation of the mean results reported for
each vigor test showed that the germination test failed to possess the
sensitivity necessary for a vigor test (Table 3) . This is particularly
evident when germination results are compared against field emergence.
This study shows that the major area still requiring further study
is the standardization of test between laboratories. The standardiza tion effort can be further improved by refining test procedures in order
that interpretive difficulties are reduced. Additionally, since the
tests were new to many of the laboratries, there still needs to be a
period of acquaintance where the laboratories can become familiar with
testing methods. As the procedures are refined and testing laboratories
conduct these vigor tests on a routine basis , much of the between laboratory variation will be decreased.
A 11 referee 11 program can provide the information needed concerning
vigor test standardization. But, this is only one year's data and confirmation of these results still needs to be obtai ned. The AOSA Vigor
Testing Subcommittee is conducting another 11 referee" in an expanded
version for 1978. In addition to corn and soybeans, lettuce, wheat, and
cotton are also being evaluated. Preliminary indications are that there
will be increased laboratory participation (Table 4) and the results
will be reported at ·the AOSA-SCST Annua l Meetings in Lincoln, NE . It is
only through the cooperation of seed testing laboratories that an analysis of these vigor tests and their potential as seed testing procedures
is possible.
The Future of Seed Vigor Testing
Vigor testing is imminent . This discussion is designed to illustrate
the progress of standardizing vigor tests . We are only beginning to
achieve a degree of confidence in the reliability and capabil ity of
certain tests. Further research and testing are sti ll required before
vigor testing becomes a routine phase of seed testing . Cl early, any
advertizing of seed vigor is premature at this point . Unfortunately ,
due to the demand by seedsmen and farmers for this increased seed
quality information, vigor results have already begun to appear on seed

48

Table 2.

Statistical analysis of the three criteria established for
the 1977 AOSA "referee" of vigor tests.

Identify
Vigor
Level

Within
Labs .

Between
Labs.

8
8

**
**

NS
NS

NS
NS

Acce l erated Aging Test
Corn
Soybeans

12
12

**
**

NS
NS

*
**

Co ld Test
Corn
Soybeans

17
18

**
**

NS
NS

NS
**

4
3

*
**

NS
NS

**
NS

Cool Germi nation Test
Corn
Soybeans

16
17

**
**

NS
NS

NS
**

Seedling Growth Rate Test
Corn
Soybeans

17
17

**
**

NS
NS

**
**

Seed ling Vigor Class. Test
Corn
19
Soybeans
19

**
**

NS
NS

**
**

Tetrazolium (TZ) Test
Corn
Soybeans

**
**

NS
NS

**
**

# Labs

Reporting

Test
Genni nation Test
Corn
Soybeans

Conductivity Test
Corn
Soybeans

* = 0.05

**
NS

= 0. 01

= Not

Significant

19
19
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Table 3. Mean results of the 1977 AOSA 11 referee 11 for each vigor test.

Test/Sample #

Corn
1+ 3
Soybeans 1 + 5

4+ 5
2+ 4

2+ 6
3+ 6

Germination Test
Corn
Soybeans

99 .1
93 . 7

98.4
80 .8

88.9
74 . 9

Field Emergence
Corn
Soybeans

85.6
78.7

81.6
55.4

66.6
24 . 3

Accelerated Aging Test
Corn
Soybeans

93.7
60.8

89.6
40.2

63 .1
6.8

Co ld Test
Corn
Soybeans

96.5
69.2

94 .8
42.2

57.3
8.0

Conductivity Test
Corn
Soybeans

3.77
21 .81

4. 24
34.20

4.69
32 . 82

Seedl ing Growth Rate Test
Corn
Soybeans

85.7
39.6

83.1
38.9

72 . 6
33.4

Strong
Cool Germination Test
Corn
96.2
Soybeans
84.4

Weak

Strong

Weak

Stron

Weak

2. 9
8.3

90 . 3
74.8

6. 0
19.9

78.2
76.0

9.9
16.9

Seedling Vigor Class. Test
Corn
94.4
Soybeans
89. 1

4.3
5.5

91.2
72 .8

6.9
8.9

82 .4
66.7

6. 1
11.4

Tetrazolium (TZ) Test
Corn
86.5
Soybeans
84 . 7

11.1
8.3

77.7
62.4

18.4
18.6

74 . 4
41.9

19.9
29.8

Ul

0

Table 4.

Laboratory participation in 1978 vigor "referee ".

Test/Crop
Accelerated Agi ng
Col d Test
Conductivity
Seedling Growth Rate
Seed Vigor Cl assification
Coo l Germination Test
Slant Board
Tetrazolium
Field Test
Total

Corn

Cotton

22
39
5
20
19
23
-27
17

10
11
1
8
8
13

172

Number of Laboratories
Lettuce
Wheat
Soybeans

Total

12
6

9
16
4
14
16
8
13
12
8

18
8

--

-27
22

73
117
19
72
78
82
13
96
61

69

100

112

158

611

--

11
23
4
16
16
16

21
28
5
14
19
22
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label s . The attitude of certain seedsmen to be the first to adverti ze
seed vigor or, at the very least, to meet the demands by their competitrs is certain to result in seed enforcement. It is hoped that seed
enforcement officials will not overreact to this competitive response
and penalize the careful seedsman who is trying to produce and provide
the best quality seed available. However, should legislation be enacted,
the law should possess the following salient features to allow further
standardization of vigor tests and still enable the responsible seedsman
the opportunity to market his seed according to vigor:
1. Advertizing of seed vigor should be strictly voluntary. Many
seedsman alrady test their seed for vigor. Should a seedsman find
that his seed has an acceptable germination but a low vigor rating, he
will most likely decide not to provide this additional quality information since it will probably detract from the value of his seed. This
insures that only high quality seed will be marketed according to vigor;
seed that seldom presents enforcement officials with legal problems. At
the same time, this provision allows the seedsman to chose what he wants
the consumer to know about his seed and provides the farmer with the
vigor information he desires.
2. If you advertize, test methods shoul d be divulged and test results verified by an independent laboratory. Because of the diversity
of vigor tests and the difficulties in standardization, test results
should be confirmed for consumer protection. This provision eliminates
"secret" vigor tests, anomalous descriptions such as 11 Vigor verified 11 ,
and also insures that seedsmen conduct the test responsibly. It protects the cautious and reliable seedsman against the competitor who is
too willing to prematurely accept vigor test results for advertizing
purposes.
3. Vi gor tests should be repeatable or a stop sale can be issued.
Vi gor test results may not be repeatable because the vigor test requires
further standardization or the test results are not as claimed. If the
former situation applies, the vigor test requires additional research
and should not be used in commercial advertizing until it is refined; if
the latter, the vigor information should be questioned and the seed
should not be sold until the vigor advertizing is removed. Such an
enforcement procedure insures that only responsible seed vtgor advertizing occurs in the seed marketplace.
There is little doubt that the seedsman and seed consumer want more
information about the quality of seed than the germination test alone
provides . The infancy of seed vigor testing and the many standardization
problems still needing to be resolved give l i ttle credence to advertized
seed vigor claims until specific vigor tests are approved by unbiased
seed testing organization such as the AOSA and ISTA. There will continue
to be an upsurge in the interest, use, and advertizing of seed vigor in
the future. This report has attempted to outline the potentials and
problems involved in the standardization of seed vigor tests. Although
many vigor tests require further refinement for their full potential to
be realized, the future is bright. You, as seedsmen, must keep abreast
of t he changes in vigor tests and understand how they can potentially
influence the saleability of your product.
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ECONOMIC PRINCIPLES FOR PROFIT PLANNING
by
Warren C. Couvillion

1J

Profits are not an economic fact of business, but are an economic
necessity if one is to remain in business. Profit planning is a requirement for bus i ness organizations irrespective of size or nature.
Profits are not insured by planning because often unforseen changes can
eliminate profits even with proper planning. At times there wi l l be
excess profits unforseen by plans, however, most successful bus i ness
organizations plan for profits.
This paper covers some of the economic principles involved in
profit planning. The mechani sm used by different firms will be of
varying complexities but each has elements in common. In some organizations the planning process is much more formalized and elaborate than
in others, however, in all cases management must continuously appraise
the firm as to its current status and what they want the firm to be. To
ascertain the above management needs answers to several questions:
1.
2.
3.
4.
5.

Does the firm have competitive advantages?
What is the firm's public image?
Who is the competition and what is their status?
What is the general economic environment?
What is the firm ' s potential market area?

The above list includes mostly elements external to the firm, however, an assessment of these external factors is one essenti al element
in profit planning (3).
Profit planning has el ements that encompass varying lengths of run.
Investment in a new processing facility for example requires longer run
profit planning than a deci sion of whether to custom clean seed in a
given season. The discussion below will center on principles that
effect profits within a given year. The same basic techniques can be
applied to longer term elements of business planning.
What are some benefits of profit planning?
1.
2.
3.
4.

Helps management understand its own business.
Provides a means of measuring business performance .
Provides a mechanism for analyzing unfavorable turns and
allows for quicker action of a corrective nature .
May hold the key to a firm's survival (3).

ll Associate Professor of Agricultural Economics, Mississippi
Agricultural and Forestry Experiment Station.
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Profit Plann i ng
To forecast profits a firm must estimate future revenues and costs.
Revenues are a function of sales volume, product mix, and distribution
channels . Costs are affected by raw material cost (seed from farmers or
other sources), processing, storage, handling, distribution, labor, and
overhead. Profit planning contains elements of sales forecasting, cost
analysis, profit forecasting, and break-even analysis.
Sales Forecasting
Sa les forecasting is a must to estimate revenues, however, it is a
very difficult exercise. The seed business has elements that make it
even more difficult than some other bus inesses . Take soybeans for
example, the weather during the planting season will affect the demands
for different varieties of seed even though one has made a fairly accurate assessment of total demand for soybean seed. Changing expected
price relationships among products competing for the same land resources
(i .e. , cotton and beans) will not only affect sales but also affect
sa les outlook for other inputs such as fertilizers, pesticides, insecticides, etc. Therefore, one has to plan as well as possibl e for
unforseen changes. A logical place to begin planning for sales is on
past records and experiences. For example, the amount of fall and
winter land preparation in a given area may have an affec~ on the variability in varieties used during a given season. Planting intentions
and expected prices in the futures markets will help give indications as
to expected product demands.
One must be aware of the following in forecasting sales;
1.
2.
3.

Geographic boundaries or sales area for one's firm .
Potential customers and expected total volume potential
in the area.
Actions of competitors in the area.

In addition to the above general conditions a firm needs to analyze
some other factors that will effect sales:
1.
2.
3.
4.

Degree of advertising and promotion due by one's firm.
Shifts in types of farming in your area .
Changes in technology.
Prices and availabilities of substitute commodities.

After reviewing all factors, management should estimate sales
potential. In addition, managers should try to estimate a range of
potential sales under different probable situations.
Cost Analysis
Many firms are often sales and output conscious and not cost
conscious. If one is looking for money on each unit of product sold ,
losses can't be offset by increased volume. 11 Bigger is better .. may not
be true in all cases, however, more often than not there are economies
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to increasing the size of one•s operation. Any planned expansion should
be analyzed to determine its effect on costs. I am reminded of a friend
who expanded his sales volume through added services in several areas of
his business. However, the technical expertise needed to increase
volume in one area increased cost more than profits. Lucky for him, by
planning and proper record keeping he was able to isolate the profitable
portions of added services.
As with the example above most firms selling seed are either multiproduct or multi-servi ce firms. Most firms collect costs in the form of
accounting costs. These costs are invaluable to a firm, however, they
often do not provide adequate information in the decision making process.
Accounting costs are often misleading because of arbitrary allocation of
overhead. Too often, too many of the product specific overhead costs
are lumped as general overhead. There are several methods of assigning
overhead costs in a multi-product form, none of whic~ is totally satisfactory. Some methods used in allocating are direct labor, machine
hours, percentage of total sales, warehouse or shelf space. There is no
scientific method of allocating these costs, however, it should be
pointed out that if a large portion of costs are not product specific,
the paper profitability of specific products can be significantly
altered due to the method of allocation. For example, let us look at
using percentage of total sales in a seed operation selling soybeans.
Also assume that seed prices at $8 . 00 per bushel in year one and $13.00
per bushel in year two; and the ma rgin above product specifi c cost of
$2 .00 per bushel each year. It can be easily seen that the soybean seed
section of a business selling multiple products would not appear to be
as profitable in the year of high prices even though the gross margins
would r emain the same. Examples of si milar problems could be shown for
each of the other methods used, however, it is beyond the scope of this
paper. What is important, however, is that one be aware of the shortcomings of the method he chooses in allocation of overhead costs and
keep this in mind when making plans and decisions about specific sections
of the business. For those of you who do not make these decisions but
are often affected by them it behoves you to know the method by which
these decisions are made and their strong and weak points (3).
As pointed out accounting costs pose problems to decision makers.
Which costs are the most appropriate? Anticipated future costs would be
relevant for planning purposes as well as some other cost concepts. When
planning for profits the opportunity cost concept becomes relevant.
Opportunity cost defined is 11 The return the resource can earn when put
to its best alternative use .. (1). When planning for profits, especially
if one is planning for expansion, the opportunity cost concept becomes
relevant especially if the supply of input factors i s limited. For
example, ability to get contract growers for a specific type of seed one
would like to expand. The opportunity cost concept should be a constant
reminder that alternatives should be considered .
Probably the cost concepts that most of us are familiar with are
fixed cost and variable cost. Defined these are: Fixed Cost-Costs
that do not vary with output (depreciation on buildings, machinery and
equipment, interest, insurance, property taxes, and salaries. Variable
Cost-Costs that change with changes in volume (labor, fuel and power,
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repairs associated with daily operations, packaging, etc.).
The distinction between fixed and variable are not always hard and
fast. Given enough time all costs coul d become variable. It is important to consider these costs separately in deci sion making since often
short run decisions based on total cost would lead to different decisions than if fixed and variable costs were .considered separately. For
example, the decision as to whether or not to add the service of custom
cleaning to an operation would be biased toward not including the service if total cost were used as the criterion for the decision. In a
seed processing operation the stages are: Receiving, Drying and Bulk
Storage, Processing, Bagging and Bag Storage. A 1973 study showed that
total annual operating cost per bushel of capacity for a 150,000 bushel
capacity plant was approximately $.93 per bushel. When considering an
in-out custom cleaning operation the relevant cost to consider would be
receiving, processing, and baggi ng. These costs accounted for 53 . 5
percent or $.50 of the $.93 per bushel. Therefore , one can see that if
the going rate fo r custom cleaning in an area is $.60 per bushel, management would be led to different decisions based on total cost (2).
It should be pointed out that cost should be kept in as much detail
as possible so that decisions such as the one just described can be
made. Firms should allocate cost not only to the respective products or
services but each unit should have as detailed a breakdown as possible
so that decision makers could make the most informed decision possible.
Granted there are costs involved in obtaining a detailed breakdown
within the firm, however , the opportunity cost of not having proper
breakdown of costs may be far greater in foregone earnings due to limited
information for decision making.
Assuming one has done an adequate job of demand forecasting and
cost, another tool in profit planning would be break-even analysis. The
greatest value of break-even analysis is that it should be the level of
operation that is required before one enters into the profit zone and
takes into account impacts on profitability from varying fixed or variable costs as well as variations in product prices. Break-even charts
have some limitations, however. First, they assume linear cost and
revenue functions. Second, the break-even approach is best suited to
one product. Third, there is the aforementioned problem of separating
fixed and variable costs . One should be reminded that break even analysis
is only as good as the data going into the analysis. An example of a
break-evan chart is shown in Figure 1.
Break-even analysis is a tool best used along with an operating
budget showing cash inflows and outflows for the time period under
consideration. After a budget is prepared then a cash flow chart as
shown in Figure 2 should be prepared to estimate capital needs during
the planning period.
The list of tools presented above is not very detailed nor exhaustive . I hope, however , that I have presented some information that
will add to your appreciation for planning. As stated, profits are not
an economic fact of business. The importance of planning and record
keeping in your business or segment of the business for which you are
responsible cannot be overemphasized.
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SCREEN SELECTION AND AIR CONTROL
Howard C. Potts lf
The air-screen cleaner is the basic machi ne for seed cleaning
operations. This machine utilizes differences in the six of the most
common physical characteristics which exist among the seed and their
contaminating materials. These physical differences are gross size,
length, width, thickness, shape and weight. Only the physical characteristics, surface texture, color, and affinity for liquids are not
utilized to a great extent by either the series of screens or the air
system(s).
This presentation is divided into three sections, screens, screening and air control, for purposes of convenience. Under operating
situations the screening section and the air section, are operated
simultaneously to attain the efficiency levels that "management" requires.
Screens
To achieve the desired screening action in an air-screen machine it
is necessary to know the screens available.
For over 20 years the major manufacturers of air screen cleaners
have listed around 210 screens for sale , each with a different size,
shape or orientation to the screen opening. This means there are
21,945 sets of two screens each which could be used in a two screen aircleaner. The number 21 , 945 assumes that the screen with the larger
openings will be used as a scalping screen and the screen with smal ler
openings is used as a grading screen. Some where among this large
number of screen sets there is only one best set for each seed lot, but
fortunately several sati sfactory sets.
There are no "new" screens since it has been some time since the
need for a different size or shape screen opening has been identified,
however if there is need, the screen can be fabricated. Further, there
is probably no processor who owns or has a need for a screen of each
size opening.
The nomenclature of the screens and the numbering system that i s
used to i dentify them is also important . At present, all screens made
in the U.S. are identified by the size and/o r number of openings per
inch. One fabricator also uses the metric system .

lf Dr. Potts is a Professor of Agronomy-Seed Technology at Mississippi State University .
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There are five basic shapes of openings in the screens used for
seed processing. The shapes are round, oblong, triangular, square, and
rectangular. To identify these different shapes and their orientation on
the screen , sc reens are sub- divided into six categories.
Large Round- Ho l e Perforations: The number used to identify large
rou nd-hole perforated screens is the diameter of the perforations
measured in 64ths of an inch. This system is used for numbering screens
ranging in diameter from 6/64ths up to 80/64ths of an inch . There ar e
56 different round-hole screens under this numbering system , each
identified simply by the numerator of the fraction, i.e., 6, 1~. 36,
etc.

.

Small Round-Hole Perforati ons : Screens with round-hole perforations
smaller than 5~64th-inch are al so identifi ed by the perforation diameter,
but as measured in fract ions of an inch rather than 64ths . There are 14
screens identified in this manner, the smallest is a 1/25 and the largest
i s 1/12. By using fractions of an inch, rather than 64ths, screen fabricators are able to provide screens with 14 different size perforations
over a range of only 3/64ths-inch.
Large Oblong Perforations: The size perforation of the large
oblong perforated screens is identified by two numbers. The f irst
number indicates the width of the perforation in 64th-inch and the
second number indicates the length of the perforation in fractions of an
inch . Such screens range i n size from 5x3/4 up to 24x3/4 . There are 22
different widths of l arge oblong perforated screens where the length of
the perforation i s parallel to the flow of the seed . Additionally,
thirteen of the sizes of the large oblong perforated screens are avail abl e with the orientation of the perforation at a right angl e to the
f l ow of the seed. Screens perforated in this manner are referred to as
cross-slot screens but the numbering designation is the same. Crossslot perforated screens range in si ze from 6x3/4 to 11~x3/4.
Small Oblong Perforations: There are 15 screens available which
have small oblong perforations. Again the double numbering system is
used but the first, indicating the width of the perforation, is given in
fractions of an inch in the manner like that used to desig nate the small
round hole screens. The l ength of the perforation is also expressed as a
fraction of an inch and may be 1/4-, 5/16-, 1/2-, or 3/4-inch. The
range in width of perforations is from 1/12-inch to as narrow as 1/24inch. Among the group of small oblong perforated scree9s there is a
l/22xl/2 diagonal on which the sl ots are turned at a 45 angle to the
seed f1ow.
Triangular Perforations : Screens with triangular perforations are
designated by two methods, although, the perforations sizes available
are the same . One fabricator identifies perforation size as the diameter
in 64ths-inche of the largest circle that can be inscribed inside the
triangle while another designates perforation size by using the leng th
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of one side of the equi lateral triangle i n 64ths - inch. Thus, a screen
designated as the 5-tri by the length of size system is a ~ V by the
circle system while the 11-tri has the same size perforations as a 6~ V.
Screens with triang ular openings can also be obtained with twice the
number of openings as the standard triangular perforated screen from at
least one supplier.
Wire Mesh Screens: All wire mesh screens are identified by a dual
numbering system . However, unlike the oblong perforations, the first
number indicates the number of openings per inch vertically and the
second number the number of openings per inch horizontally . Thus, a 2
x 8 screen has two openings per inch in the direction of seed flow and
eight openings per inch across the direction of seed flow .
The surface of wire mesh screens is rough because of their woven
nature . As a result, the seed mass is constantly mixed as it moves down
the screen in a action similar to placing screen dams on perforated
screens .
The openings in wire mesh screens are either rectangular or square.
a) Rectangular
able with rectangular
the 6 x 60. In a 6 x
of the wire less than
inch .

openi ngs:
There are 50 different screens availopenings. These range size from the 2 x 8 down to
60 screen, the length of the opening is the width
l/6th-inch and the width slightly less than !/60th-

b) Square openings:
Twenty-six wire mesh screens with square
openings are generally available. These range from the large openings
in a 3 x 3 screen to the smallest openi ngs used in seed cleaning, the 60
X 60.
The question most often asked by beginning seed processors is,
"what combination of screens is best for cleaning ---?'' There is an
answer for every seed l ot but the only way to determine the best combination is to determine the specific physical characteristics of each
lot, know the quality standard that must be met and then match these
factors with the screens available. This is the "Science of selecti ng
screens .
Screeni ng Pri nciples
As previously stated , the two most important factors for successful
seed cleaning is to know the composition and characteristics of the
various components of the seed lot and to know the performance required.
The compositon can only be determined by examination of a representative
· sample of the seed lot. The major factors which should be determined
are:
a)

Differences in physical characteristics between good seed and
all other materials.
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b)

Frequency of occurrence and kind of contaminants

c)

Size variation of the good seed and the contaminants

d)

Flowability- flow characteristics of the seed mass

e)

Need for pre-conditioning, scalping, drying, scarifying,
debeardi ng

f)

Damaged seed

The second factor, which the less discriminating processors only
briefly consider, is a defined set of performance requirements. Performance requirements for screen cleaning are dependent upon two criteria:
(a) the cutpoint and (b) screen deficiency. The cutpoint refers to the
size opening in the screen which largely determines the quantity of
oversize and undersize contaminating material that can be removed from
the clean seed. Screen efficiency i s the percentage of undersize material
in the lot that actually passes through the screen in question .
Screen efficiency is determined by completing the formul a below and
is expressed as a percent.
Scree Effi i
(SE) =Weight of ma~erial passing_through ~creen x 100
n
c ency
Total we1ght of unders1ze mater1al
An example of how screen efficiency is determined should help gain
a better understanding of the term "screening efficiency" which will be
discussed in greater detail later . A physical analysis of a seed lot,
based upon size and shape , revealed the lot was composed of 2% material
larger than the good seed , 88% good seed and 10% of the lot was materials
smaller than the good seed. To remove all of the materials l arger than
the good seed, 98% of the total lot must pass through the scalping
screen. Applying the formu l a, if 98% is undersize and 98% passes through
the screen, then screening efficiency is 100%.
Now assume that the defined performance requirement or quality control permits 1% undersize material to remain in the clean seed. Consider·ing only at the gradi ng screen, 90% of the lot is oversize and 10% is
undersize. Because 1% of the undersize material is permitted then a
screeing efficiency of only 90% is required to meet the performance requirements.
Even though the air-screen cleaner is a continuous flow machine ,
each seed and/or contaminant either passes over or through each screen,
one screen at a time regardless of the total number of screens in the
machine!

.

Thus, when a useful screen is chosen the seed mass is divided into
oversize and undersize fractions. · The term "scalpi ng " is used when the
mass of good seed pass through the screen. The term grading is used
when the mass of good seed pass over the screen.
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Engineers who work on industrial screening problems ranging from
flour milling through coal grading have made some determinations that
have significance to seed processors . Let •s briefly consider some of
these ••screeni ng precepts. •• 2/
1. The most dificult, therefore, the most expensive separation
is encountered with near-size particles. Near-size particles are defined as those less than 1~ times as large but more than ~ as large as
the screen openings.
Figure 1 shows the size distribution of a lot of combine run soybeans. Assume a 10 x 3/4 oblong perforated grading screen is used as
the cutpoint. Application of the above precept indicates difficulty
can be expected in screening due to that portion of the lot which falls
in the range from 5/64 to 15/64ths-inch. As can be determined, this
range included 98% of this seed lot. This is the reason the term "precision cl eaning" is used when considering cleaning seed.
Some might question the reason for including seed larger than the
10/64- i nch cutpoint. The reason for including these seed is that although they will not pass through the screen, they will fill the screen
openi ng sufficiently to prevent undersize materi al from passing through.
Thus, the greater the percentage of near- size seed the more difficult
t he screen ing job.
2. A second screening precept is, "when scalping, the minimum
size screen opening is limited only by the cutpoint at which good seed
pass over the screen. "Seed processors should give more thought to the
implications of this precept . How often have you observed good seed
traveling more than half the length of any scalping screen? Use of
scalping screens with smaller openings will reduce the work load of the
grading screen . This is true because when placed on a vibrating screen
the smaller, heavier materials will be the first to pass through the
openings . Thus, the last material through a scalping screen will almost
always be too large to pass through the grading screen.
3. A third rule of screening is, "when grading, the highest
screening efficiency results when the cutpoint intersects the steepest
slope of the size distribution curve." To apply this precept an 11 x
3/4 grading screen should have been selected for this lot since it
intersects the steepest slope on the size distribution curve (Figure 1).
What results would be obtained when this precept is applied to a
lot of soybeans? To make the determination, several samples of combine
run soybean seed were sized using a series of hand screens with oblong
perforations. The screen with the largest openings was placed on top
and the width of the perforations of each screen decreased by 1/64-inch.
The screens were shaken until all material had an opportunity to pass

2/ Sullivan, J.F.
DynamTcs, Dallas, TX .

1975.
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Figure 1. Size distribution of one lot of Lee 68 soybean seed.
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Size Distribution Lee 68 Soybeansll

TABLE 1.
Screen
Si ze*

Large
Inert

(%)

6
7
8
9
10

11

(%)

.63
1. 31
4.14
17 .27
28.93
29.38
7.34

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Seed

Weeds +
Inert

Total
Lot

1. 50
2.50
3.90
1. 50
.40
.20

1.50
2.50
4.53
2.81
4.54
17.47
28.93
29.38
7.34
T
T
T
T
T
T
T
T
. 50
1.00
.50
T

(%)

T
T
T
T
T
T
T
T
.50
1. 00
. 50
T

% of 1000g sample remaining on top of hand screen

* /64 x 3/4 perf oration

(%)
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through each screen. This gave a screening efficiency of 100%. The
whole seed were separated by hand from the splits and other inert matter
on each screen. The results of this physical separation are shown in
Table 1. Note that the percentage shown opposite each screen size is
the percentage of material that did not pass through the screen.
If a 10 x 3/4 screen is selected and screening efficiency is
100%, 11.34% of the total lot will be removed. If an 11 x 3/4 screen is
sel ected then the total loss would be 15.88%. Of major concern is the
fact that most of the apparent 4.5% increase in weight loss would be
good seed , therefore, it appears logical to select the 10 x 3/4 screen .
Unfortunately, proper screen selection is not that simple.
The information available from the screening engineers indicates
that the actual screening efficiency for that portion of the seed lot
within 1/64-inch of the cutpoint is only about 50% not 100%. When this
reduced screening efficiency is combined wi th a defined performance
requirement of a maximum of 1% inert matter in the clean seed, as
would be the case in actual operation , the results change as discussed
bel ow.
Operating at a constant rate of feed and removing only 50% of the
materia l within 1/64-inch smaller than the cutpoint , the total loss
tnrough the 10 x 3/4 screen decreases to 9.74% and that through an 11 x
3/4 screen to 13.61% a difference of only 3.9%. Futhermore, si nce a
screen does not distinguish between materials , only differences in physical characteristics, the inert matter remaining in the good seed will
be only 0.4% when the 11 x 3/4 is used but an unacceptable 1.35% when
the 10 x 3/4 screen is used. It is now apparent that the 11 x 3/4
screen must be used to meet the performance requirement .
In the continual search for greater capacity processors may forget - there are only two ways to i ncrease screening efficiency; (a)
reduce the rate of feed or (b) increase the screen perforation size.
This is true because screen efficiency decreases as the proportion of
undersize material decreases when the feed rate remains constant. The
following examples will demonstrate the validity of this statement:
Example 1
Lot A
oversize = 95%
undersize = 5%

Lot 8
overs i ze = 85%
unders ize= 15%

Performance requirement: remove 80%
of the undersize material.
SE

= ~ x 100 = 80%

SE = {~ x 100 = 80%

69

Note
mate r ial .
undersize
but 3% in
seed.

that Lot A has 5% undersize material and Lot B 15% undersize
When the performance requirement is to remove 80% of the
material then 1% of the undersize material remains in Lot A
Lot B. This is satisfactory when grading coal or sand but not

Consider a second example using the same seed l ots but adding
a performance requirement of a maximum of 1% undersize material :
Example 2
Lot A

Lot B

oversize = 95%
undersize = 5%

oversize = 85%
undersize= 15%

Performance requirement: maximum of 1%
undersize material in good seed.
SE

= i5

x 100

= 80%

SE

= li
15 x 100 = 93%

Note that in Lot A, which has a smaller amount of undersize material,
the screening efficiency required remains at 80%. However, in Lot B a
screening efficiency of 93% must be attained to meet the performance
requirement. Viewed in another manner, using the same grading screen
Lot A could be cleaned at a 13% higher feed rate than Lot B, if the size
distribution of the two lots was the same .
To summarize the screening technologists' findings concerning grading screens; when selecting a grading screen the maximum size perforation is limited only by the amount of good seed the processor is willing
to lose.
There are additional points that the air-screen operator should
consider when selecting screens and operating the screen section of the
cleaner. First, the rate of passage of undersize materia l through a
screen in determined by:
a)

the size distribution of the seed lot;

b)

the initial depth of the seed layer;

c)

the effectiveness of the screening motion .

Effects of the size distribution and depth of the seed layer have
been considered. The third factor listed, screen motion or speed of
vibration, is variable within limits on all commercial size models of
air-screen cleaners.
Screen vibration determines the effectiveness of the screening
motion in two ways; (a) it moves the seed mass across the screen and
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(b) it expands the seed mass to permit smaller particles to move to the
screen. These two factors affect both the capacity, which is a primary
concern of management, and screening efficiency , which is of concern to
the operator and quality control personnel. Because each l ot differs in
composition, shouldn•t the speed of screen vibration also vary with each
lot?
A last point coocerning screening is the effects of screen dams.
Screen dams have two major effects upon the seed mass; (a) they increase
the time seed remains on the screen , which increases screening efficiency, provided the feed rate is not increased, and (b) dams breakup
stratificati on of the seed mass. Decreasing screen pitch will also
increase the time seed are on the screen and thus screening efficiency
but has no effect upon stratification.
Air Control
The selection of the proper screens for an air-screen cleaner is a
science, however, the operator who properly controls the air systems
must be an artist. As with any art form , the judgement concerning the
effectiveness can be made only after the 11 mas terpiece 11 is completed or
in our case , some seed are cleaned. The only un iversal guide to proper
air control is, 11 the air velocity should be sufficient to remove an
occasional, good healthy seed . .. Many i nterpret this to mean , one good
seed in a double handful of the material discharged from the lower air
settling chamber.
There are two factors which help in understanding and making the
desired air separations . Understandi ng the principle of terminal velocity helps envision the separation to be made . Secondly, proper installation of the air trunking or ducting from the machine to the dust
collection system wi ll eliminate 90% of the air control problems commonly
encountered.
Regardless of whether the air stream i s pulled or pushed through
the seed mass the separation made is dependent upon differences in the
terminal velocity of the individual particles of the mass. Terminal
velocity is simply the velocity of air required to suspend a seed when
placed in a rising column of air. Thus, when the air system is in
operation and a seed mass is dropped into it , all particles with terminal velocities less than the air velocity will be carried in the air
stream until the velocity of the air falls below that required to suspend the individual particles. On the other hand, seed or other particles with terminal velocities greater than the velocity of the air wi l l
fal l through air stream.
There are five principle physical characteristics which determine
terminal velocity of a particle. These are specific gravity (volume
weight), shape, surface texture, frontal area and size. These physical
characteristics can be demonstrated indivi dually , however, differences
in specific gravity and size are the most important for most of the air
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separations made in seed cleaning . These physical characteristics
should be recognized as being the same as those for separations made
with gravity tables, aspirators and pneumatic separators. These latter
machines simply permit more precise air separations than is practical
with the air system of an air-screen cleaner.
All commercial models of air-screen cleaners have excellent air
control systems. Therefore, one of the major reasons operators do not
obtain the desired air separation is not the air system(s) available but
the fact that most operators do not use sufficient air to obtain the
desired separation for fear of losing an occasional good seed.
A second major reason for the inability to obtain the desired air
separation is attributable to improper installation of the air ducts
from the cleaner to the dust collector . Sharp turns, improper junctions, poor connections and/or poor collection equipment all contribute
to problems with air control . Sharp turns in the ducting creates back
pressure which causes the air to surge through the seed mass making a
uniform separation impossible. Air leaks at joints or dents in the
ducting cause fluctuations of air pressure within the duct which
causes the heavier particles to fall below their terminal velocity,
fall to the bottom of the duct and eventually stop the air flow.
A review of five installation principles for air ducting given
below followed by correction of any deficiencies in your installation
should permit the air separation desired. These five installation
principles are:
1)

Keep the distance from the machine to the dust collector
as short as practica l.

2)

When the ducting is curved the radius of a 90° elbow should be
at least two times the diameter of the duct (Figure 2A).

3)

When joining two air ducts, a "duct divider" should be installed, the length of which is equal to at least the sum of the
diameters of the ducts jointed (Fig ure 28).

4)

The duct entering the collector should not cause the air to
change direction, in other words , go straight and level into
the dust collector (Figure 2C).

5)

The direction of air rotation in dust collectors is specified
from a top view. When ordering dust collectors use only the
terms clockwise or counterclockwise based upon the view from
the top (Figure 20).

In summary , successful screen selection and air control basically
depends upon:
a)

Knowing the screens available
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b)

Learning the principles of screen selection

c)

Determining the composition of each lot

d)

Making a screen test

e)

Proper installation of air trunking and dust collectors

f)

Maintaining your machine.
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Figure 2A
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OPERATING CONVEYING EQUIPMENT
James M. Beck

Y

Moving seed and their products is an important part of seed processing and can cost seedsmen money if not given proper attenti on .
When conveyi ng seed as opposed to conveying feed, grain or other
bu l k material , the quality and value of the product can be adversely
affected. Most seed are considered to be fragile; they must be handl ed
gently to prevent injury . High quality seed are pure seed and should
not be contaminated by mixing with other seeds while being conveyed;
thi s reduces their quality and value. Conveying in itself can add
nothing to the quality or value of the seed, it is a cost or negative
factor that should be kept to a minimun.
A wide variety of equipment for receiving and conveying seed is
available to the seed processor. His choice shoul d be based primarily
upon the type seed to be handl ed, the capacity desired, and the equipment should be self-cleaning or easily cleaned to prevent contamination.
A brief description of the most common types of conveyors used in
seed processing follows.
Common Type Conveyors
Screw Conveyors
The screw conveyor is one of the oldest and simplest methods of
moving bulk material. Generally speaking , the power requirement or
operating cost is relatively high, depending upon the length of the
screw, the slope at which it operates, the type flight and bearings
used, and the internal fricti on of the material being conveyed as determined by its weight and moisture content .
Because of friction among seeds during conveying and the
possibi l ity of seed cracking due to dented conveyor housing or bent or
worn screws, and because they are difficult to clean, screw conveyors
are not generally recommended for easily damaged seed. Nevertheless,
they are commonly used for the cereal grains, grasses, and small seeded
legumes and have definite advantages when used to handle the by- products
from seed cleaning machines. They are less expensive than other type
conveyors, can be used in any position and can be easily adapted for use
in congested areas.

ll Mr. Beck is Research Associate, Seed Technology Laboratory,
Mississippi State University.
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Drag Flight Conveyors
Drag flight conveyors are used for either horizontal or inclined
conveying applications . They consist of a "U" type trough assembly with
a terminal or drive-end and a tail or take- up assembly . Flights of
assorted materia 1 shaped to fit the contour of the "U" trough are secured to a special chain by attachment links. The return empty flights
pass along the top of the trough held in place by a return support rail.
Material fed into the trough is thereby pushed along its length for discharge at the end of the trough or through intermediate discharge gates.
The non-metallic surface flights prevent abrasive wear of the trough
metal and helps prevent damage to fragile commodities.
Flight conveyors have wide application in seed handling because
they are practically self-cleaning and can be readily inspec ted. They
are suited for multiple inlets and outlets; however, units with several
outlets may permit slight carryover from one outlet to another. This
problem can usually be corrected by locating brushes over each outlet
where the carry-over occurs . It is also desirable to have any surplus
material carried out a spout at the end of the conveyor to prevent
mix ing.
Belt Conveyors
A be 1t conveyor is an endless be 1t operating between two pulleys
with a shaped trough or idler pulleys to support the belt and its load.
Belt conveyors handle bulk and packaged material in large or small
volume, carry up slo pes to 25° or more, depending upon the nature and
condition of the material handled and the surface texture of the belt.
Belt conveyors are low in power and maintenance costs, deliver
uniform volumes at high or low speed, have few parts subject to wear,
and are simple, quiet and reliable. The initial cost of a heavy duty,
high capacity installation is rather expensive, but utilization of a
belt system often results in surprising ly low over-all cost per ton
handled.
Essential parts of a belt conveyor are the belt, the drive, and
driven pulleys, tension adjustment mechanism, idlers and loading and
discharging device.
Material can be discharged over the end of the belt or along the
sides by using diagonal scrapers or by tilting the belt. The most
satisfactory way to discharge seed along the length of a belt is with a
tripping mechanismm consisting of two idler pulleys that diverts the
belt into the shape of an S. The material is discharged over the top
pulley into a side chute. Trippers are usually mounted on tracks so
that they can be moved to any position along the length of the belt.
Another arrangement for multiple discharge using belt conveyors is
a shuttle system that consists of a moveable belt on a track l ocated
underneath the discharge of an el evator or end discharge of a belt
conveyor. Material discharged onto the shuttle conveyor can be discharged from either end of the shuttle simply by reversing the drive of
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the shuttle belt, thus any point within the length of the conveyor can
be reached.
Vi bra ti ng Conveyors
Vibrating conveyors, also called oscillating or shaker conveyors,
move materials uniformly in a continuous flow along a metal trough that
can be 11 U11 or 11 V11 shaped, or through square or round tubes. Material is
conveyed very gently and the units are 100% self-cleaning. The trough
is mounted on rigid inclined toggles and is usually driven by a constant
stroke eccentic drive. The horizontal motion resulting f rom the eccentri c is transformed into an upward and forward pitching action by the
inclination of the toggles. The material moves up and forward with each
vibration while the trough returns backward and down. The result is a
series of rapid pitching actions which produce a total net movement of
the material toward the discharge end of the trough . Short feeding type
conveyors are sometimes powered by an electromagnet that can produce
different vibrations depending upon the rate of feed desired.
One of the most outstanding advantages ofthe vibrating conveyor to
the processor of pure seed is that it i s completely self-cleaning and
easily inspected. They are often used to convey seed from beneath a
cleaner to an elevator leg on the same level.
Vibrating conveyors are available in balanced or unbalanced construction. All units are considered non-choking and have low power and
maintenance. The balanced units shou ld be used for longer distances of
up to 100ft . or where vibration is critical, or when the conveyor is
hung from overhead bins or other structures that are not rig id .
Bucket Elevator
Bucket elevators are probably the most widely used method for
elevating bulk materials. Various types and designs are available to
meet the requirements of different materials and operating conditions.
The centrifugal discharge type i s normally used for free flowing materials. The gravity discharge type which include positive and internal
discharge types are used for light, fluffy and fragile materials and
those having a tendency to stick in the buckets.
Centrifuga l Discharge Type
Basically, bucket elevators all have head and boot pulleys over
which belting travels and onto which buckets are attached. Material
picked up by the buckets in the boot is carried upward and di scharged as
the buckets pass over the head pulley. Since discharge from the buckets
are dependent upon both centrifugal force and gravity, the shape of the
bucket, the speed and radius of the head pulley and the position and
angle of the discharge spout must be in proper relati onship for effi cient operation. Elevators operated slower or faster than the speed for
which they were des i gned to handle a particular type material causes
back-legging or the materia l is thrown against the discharge housing .

80

Centrifugal discharge elevators are not sel f-cleani ng, but there
can be features incorporated that aid in the clean up. Pulleys can be
equipped with solid ends and spacers (washers) can be inserted behind
buckets to help prevent material from being wedged between the buckets
and belt . Boots can be equipped with slide clean-outs , drop bottoms or
with air suction adaptations.
Maintenance of these elevators is normally very low unless basic
principles of design have not be fo ll owed by the manufacturer.
Gravity Discharge Type
The gravity discharge elevators are designed to discharge the
material externally or internally. Normally, the external discharge
type is not found in seed and grain plants . The internal discharge
type, that may have buckets with up to four separate compartments, is
now common in seed processing plants where gentle handling~ minimum
clean-up, no mixing and quick change of product or variety is essential .
The buckets are mounted on two chains in a continuous manner; this
is why they are often called 11 continuous bucket elevators". They are
ideally suited to handle fragile products such as edible beans . Loading
is internal, by gravity or metering feeders . Buckets are close together
with overlapping li ps to prevent spillage. At discharge, the buckets
are inverted for internal dumping into a chute spouted to either side.
Because buckets are attached between two chains riding over sprockets,
various configurations at the head or boot can be adapted to fit requirements. For example, a lower horizontal run can pass under a dump
pit before making the ventical lift . In a four- compartment bucket
elevator you can elevate to one cleaner; return the seed to the second
compartment and elevate to another machine and return to the elevator
from this second machine; elevator to the third machine and from the
third machine back to the elevator and elevate to the bagging bin. The
elevator would have only one motor drive and one set of chains and
sprockets . The chief opposition to greater use of the internal discharge elevator is the initial cost and greater space required.
Since all of you are interested in quality seed and because most
seed are considered fragile, GIVE YOUR SEED A GENTLE RIDE ... wherever
they're going .
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SOME USEFUL AND SPECIAL PROCESSING EQUIPMENT
George Dougherty lf

The machines to be considered in this session more or less complement the basic machines employed in the processing of most crop
seeds. They can be classified as being either precleaning or preconditioning machines--those which improve the condition of the seed before
it reaches the basic cleaning machines, or auxiliary machines--those
which perform a specific type of seed separation.
Let us first consider scalpers. Scalping or rough-cleaning is a
precleaning operation. More specifically , scalping is a process in
which material that is larger than the crop seed is removed from the
seed-lot. Rough-cleaning, on the other hand, is a process in which
material both larger and smaller than the crop seed is removed from the
seed- lot. Once considered optional, scalping or rough-cleaning is now
regarded as a basic operation by many seedsmen. This is because seed
harvested with modern combines are, more often than not, heavily contaminated with forei gn material consisting of sticks, stems , leaves, trash
and weed seeds. This type of material, which may represent as much as
60% to 70% of the volume of the combine-run seed- lot, needs to be removed
before a seed-lot can be safely stored, efficiently dried or effectively
cleaned.
Processor's preferences differ. Consequently , there are many different sizes and types of scalpers available from which he can select a
unit to best satisfy his specific needs (Figures 1,2,3,4). Sizes wi l l
range from high capacity receiving type scalpers down to the small diameter reel scalpers found, as standard equipment, on disk cylinder separators. Types will range from the si ngle reel that will remove long
stems and straw, or the single flat perforated screens that will remove
long straw and green material, to the more complete units consisting of
several flat screens or reel s with one or more controlled air current
separations. A more complete removal of foreign material is possible
with the units that incorporate both screening and aspiration . Therefore, they will usually be most effective in preparing the combine-run
seed for further processing on the basic cleaners.
To capitalize on the benefits to be derived from scalping or roughcleaning the scalper should , with few exceptions, be the first piece of

ll Reprinted from 1965 Proceedings Short Course for Seedsmen.
~ Mr . Dougherty is Associate Agronomist , Seed Technology Laboratory, Mississippi State University.
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Figure l. Crippen PM2 - 54 72 Scalper

Figure 2 . Crippen Series K Scalper
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LEFT SIDE

Figure 3. A. T . Ferrell Super 228-D Receiving Separator

Figure 4. Carter- Day No . 4 Reel Type Scalper
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equipment used when the seed comes in from the fie ld. For example, many
experienced drying and storage facility operators i nsta ll one or more
receiving scalpers to rough-clean all seed-lots that are to be dried or
stored prior to being cleaned. These operators know that by removing
most of the trash and green material as the fi rst step in their operation
they will experience fewer handling problems, reduce their drying costs
and save on storage space.
Likewise, a processing line scalper should also always be the first
piece of equipment used in the processing plant. In my opinion it
should be installed ahead of the main receiving el evator. A second
choi ce would be just ahead of the air-screen cleaner. Instal l ed ahead
of the main elevator it will al l ow for easier and more rapid elevating
of the combine-run seed-lots, and i ncrease the capacity of the holding
bins. However, even if installed just ahead of the basic cleaner a
sca lper still has its advantages . For example, scalp ing will increase
the capacity of the basic cleaner by minimizing feed hopper flow stoppages. As a result, feeding will be more uniform which means that an
operator can make more accurate and sensitive machine adjustments.
Scalpi ng with a scalper-aspirator unit before the seed-lot enters the
processing area of the seed plant has sti ll another advantage. It will
hel p relieve the dust pro blem , and this is a health as well as a plant
safety feature.
Removal of most fo reign material will not always complete the precleaning needed for precision cl eaning. In many cases the combine-run
seed-lot contains unthreshed pods , seed heads, seed clusters or double
seed. If good seed loss is to be minimized the processor must break up
these unthreshed seed units before cleaning the seed-l ot on the airscreen cleaner. A prerequisite for good cleani ng results is that all
seeds must act as individual particles. Consequently, many seedsmen
will install a debearder to compl ete the threshing operation.
Although primarily designed for the debearding of barl ey to improve
its appearance and planting qualities, debearders are now used with many
other crops. Its principle use today is probably the clipping of seed
oats to improve their appearance and to raise their test weight. However, some other uses include the partial decortication of sugar beet
seed , the hu lling of "whitecaps" in wheat, defringing of carat seed,
polishing and removing mold from pepper balls, and the breaking up of
flax ball s, legume pods and seed heads. Another use is the deawning of
weed seeds to permit thei r separation from crop seeds . For example, by
removing the awn and outer gl ume from watergrass seed harvested with
sudangrass seed, the size of the watergrass seed is reduced to the
extent that it can be separated from the sudangrass seed on an airscreen cleaner. Other similar separati ons are also poss ible.
Debearders are available in many sizes and in at least two types.
Both types are simi l ar in operation but one uses rectangular shaped
beater arms whereas the other uses cylindrical (pipe- like ) beater arms.
The units here at the laboratory are all equi pped with the rectangular
beater arms. In these units the beater arms are mounted at a slight
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angle on a central beater shaft whi ch rotates. Stationary arms posi tioned along the inside of the housing cylinder prevent the seed mass
from swirling or rotating with the beaters when the machine is operating.
In operation, the seed is fed in at one end of the cylinder, conveyed through the unit by the pitch of the beater arms , and discharged
through a weighted door at the opposite end of the machine. Removal of
beards, points of attachment, hulls, etc . is effective both directly and
indirectly by the action of the beater arms. t4uch of the debea rd i ng,
however, occurs when the seeds rub against each other.
For satisfactory results a debearder must be adjusted for the kind
of seed being handled . Experienced processors know that operating
speeds and capacities of debearders are never constant, exact settings
must be determined for each run of seed .
Another very useful piece of processing equipment is the hul l er or
hull er-scarifier . Fol lowing scalping, and possible debearding , most
kinds of seed go directly to the basic air-screen cleaner . Others,
principally legumes and some grasses, may require hulling and/or scarification. However, because some seeds lose viability rather rapidly i n
storage after being hulled or scarified, these processes may be deferred
until just before planting time.
The objective of hulling and scarifying is generally to hasten
germination by removal of a growth inhibiting substance or by increasing
the seed's permeabi li ty to water or oxygen. The terms "hul l ing" and
"scari fying", however, refer to two different processes. In hulli ng,
only the hull or husk surrounding the seed i s removed, the seed itself
remains unscathed. It is generally done to improve the seed's planting
qualities but it may also be done to improve the seed ' s cleani ng characteristics. In scarifi cation, on the other hand, the seedcoat itself is
scratched or ruptured to facilitate the absorption of water thereby
hastening germination. Some examples of seeds that may require hulling
and/or scarification are:
A.

Seeds that may require hulling:
Bermudagrass, Buffalograss, Bahiagrass, Korean Lespedeza,
Kobe Lespedeza, Common Lespedeza, Bicolor Lespedeza

B.

Seeds that may require scarification:
Alfalfa, White Clover, Subclover, Hairy Indigo, Crotalaria,
Wild Winter Peas

C.

Seeds that may require hulling and scarification:
Sweet Clover, Crown Vetch , Sericea Lespedeza , Sourclover,
Black Medic

Hulling and scarification may be performed either separately or
jointly. A huller-scarifier (Figures 5 & 6) will hull, scarify , or hull
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Figure 5. A. T . Ferrell Eddy- Giant Huller and Scarifier

Figure 6 . Forsberq Huller and Scarifier
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and scarify. When using this machine, and hulling alone is desired, the
seed are usually either rubbed between two rubber-lined surfaces or
impelled against stationary hardened rubber discs. If instead, scarification or hulling and scarification is required, the rubber surfaces are
removed and replaced with an abrasive surfaced material such as carborundum
stone. A scarifier machine (Figure 7) will usually have permantly embedded
abrasive surfaced segments. Therefore, it should be used only when
scarification or hulling and scari fication is required.
It should always be remembered that scari fication is a delicate
operation. The severity of the abrasion or the force of the impact must
be accurately controlled to prevent seed damage. Correct machine settings should be determined for each individual seed-lot, keeping in mind
that seeds with a high moisture content are harder to hull and scarify
than seeds of low moisture content.
Scarification should never be attempted until after the seed-lot
has been over an air-screen cleaner. Clean seed scarifies much more
uniformly, with l ess seed damage, than "dirty" seed. Therefore, the
scarifier should be instal led either behind the air-screen cleaner or
further along the processing line. Hullers, on the other hand, may be
installed either between the scalper and air-screen cleaner or further
down the processing line. This will depend on whether all, or only a
portion, of the seed is to be hulled. The huller should be located
behind the machine that separates hulled from unhulled if only a portion
of the seed is to be hulled.
Precl eaning and preconditioning machines such as scalpers, debearders,
and huller-scarifiers are usually employed to condition seed for easier
cleaning or handling. Auxiliary machines such as the spiral, draper,
vibrator and aspirator separate seed by classifying them according to
physical characteristics.
Spiral separators will separate, divide or classify seed according
to shape, density and degree of ability to roll . For example, it is
used to separate split beans and corn from whole soybeans, moon flower
(Calonyction muricatum) from soybeans, dogfennel and vetch from wheat,
peas and vetch from oats, broken vetch from whole vetch, and, rape and
mustard from crimson clover .
A spi ral separator (Fi gure 8), which in appearance resembles a
vertically positioned open screw conveyor, is extremely simple to operate.
It has relatively few parts, all of which are stationary, and only one
significant adjustment, namely, rate of feed . Gravity and centrifugal
force provides al l the motive power required to make it work.
Basically, this separator consists of a feed hopper, a cone divider
(one for each spiral), and one or two spirals. Usually one feed hopper
is provided for all spiral s grouped into a single unit. The cone divider
which is located at the top of the spiral , directly under the opening of
the feed hopper, disperses the feed evenly over all the flights of the
inner spiral section. The spiral, which is the main separating part of
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the machine. is made up of an outer housing flight and a series of
smaller inner flights onto which the seed are fed.
In operation, the seed mixture is fed onto the uppermost inner
spiral flight from the feed hopper. Rate of feed is regulated by the
size of the opening i n the disc fastened under the feed hopper . Moving
down the inclined inner flights, the spherical seed travel at a much
faster rate of speed than non-spherical seed . The momentum of the
rolling spherical seed increases to the point that these seed roll over
the edge of the inner flights, drop into the outer housing flight and
discharge through a spout in the bottom of the machine. In contrast ,
the less rounded seed continue sliding down the inner flights to the
bottom of the machine and are discharged through a separate spout. Some
spirals will have multiple inner flights arranged in order of increasing
size. These units will produce gradations of a seed mixture ranging
from f la t seed on the inside flight to high-density round seed on the
larger outer flight. Therefore, on these machines each flight leads to
a separate discharge spout.
The need for spirals is diminishing however, because of machines
such as the disk and cylinder separators, that will perform many of the
same separations more efficiently . Although very economical, that is,
si mple t o operate and requi res no source of power to make a separation,
spirals have two major disadvantages, lack of flexibility in adjustment
and very low capacities. For example, a spiral designed for use with
small seed cannot be used effectively with large seed because the angle
of bank and the size of the flights are fixed by the manufacturer .
Also, capacities run in the range of 200 to 700 pounds an hour, depending
on the seed being separated and the percentage of r-ound seed in the
mixture.
Spirals do, however, offer certain advantages to a seedsman. In
addition to being economical to insta ll and operate they are lightweight, consequently, easy to move. This can be a distinct advantage in
that when it is not being used it can be stored out of the way. Also,
it can be shifted from one l ocation to another within the plant easily
and quickly. Furthermore, it is sometimes more convenient to move a
machine than it is to move several hundred bushels of seed.
The inclined draper , like the spiral, separates seed on the basis
of a difference in ability to roll. However, it offers more f l exabil ity
and is more sensitive to differences in seed-coat texture than the
spiral. It is very useful when there is a need to separate smooth or
round seed from rough, flat or elongated seed. For example, the removal
of vetch from oats, or crimson clover from fescue or ryegrass seed .
A draper machine (Figure 9) has four component parts, a feed hopper,
one or more inclined draper belts, a tilt mechanism and a variable speed
control mechanism. As in the case with all cleaning machines, a single
feed hopper is provided for all draper belts in a single machine. From
the feed hopper, seeds are fed into metering devices that distribute
them uniformly to each belt for cleaning.
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Figure 8 . Krussow Double Spiral Separator
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The draper belts are the separating parts of the machine. They are
mounted in an inclined position and move , or travel, in an up-hil l
di rection . Each draper is a specia l ly made endless belt usua l ly of
plastic or canvas, but availabl e in material s with varying degrees of
surface roughness. Numbers and size of belts can be expected to vary
from machine to machine . In a commercial operation usually more than
one bel t is used in a single machine. However, each belt is a separate
cleaning unit. An increase in draper belts will not increase efficiency,
it merely increases capacity. The tilt, and variable speed, mechanisms
provide a means by which the pitch, or slope, and speed of the drapers
can be adjusted to match the characteristics of the seed being cleaned.
All drapers in a singl e machine will have the same pitch and will travel
at the same rate of speed.
In operation, the seed mixture is fed from the feed hopper to the
metering device that distributes it in a narrow band in the middle, and
across the width of the moving inclined draper belt. The non-rolling or
non-sliding seeds ( upper fraction) are carried to the top of the slope
and discharged from the blet into a spout. In contrast, the round or
sliding seed (lower fraction) roll or slide down the face of the inclined
plane and are discharged from the belt into a separate spout at the
opposite end of the machine (Figure 9).
The draper is a finishing machine.
the seed mixture has been over the basic
line. Preferably, after the mixture has
nant. Some helpful pointers on adjusting
1.

2.

3.

It shoul d always be used after
cleaning machines in the processing
been reduced to a single contamia draper follow:

Feeding:
Uniform feeding is essential for best cleaning results. The
rate of feed should be such that each seed on the belt is
allowed to act individually. That is, round and smooth
surface textured seed should not be restricted from rolling or
s l iding down the inclined plane by the immoble rough textured
seed. Likewise , the rough textured seed should not be forced
to move down the inclined plane by the rolling or sliding
seed.
Draper Belts:
Belts with varing degrees of surface roughness are available.
The correct belt for any particular separation will depend on
the characteristics of the seed mixture . Smooth plastic belts
will usually permit a more precise separation and should be
used if a sliding action is desired for the lower fraction.
Use a rough surfaced belt, such as canvas, when rolling tendencies predominate in the lower fraction.
Angle of Inclination:
The angle of inclination, or slope, of the draper belt can be
varied and it should be adjusted to match the characteristics
of the seed in the mixture . When properly adjusted none of
the rolling or sliding seed in the mixture (lower fraction)
should be carried to the top of the slope.
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4.

Speed:
The speed of the draper belt can be varied. When properly
adjusted, none of the flat or elongated seed (upper fraction)
should be discharged off the lower end of the belt.

A more recently developed machine , one that makes a separation
roughly similar to that of the draper, is the vibrator seed separator.
Like the draper it is also a finishing machine. Some examples of separations that have been made with the vibrator cleaner are: Johnsongrass
from alfalfa, curley dock from crimson clover, dogfennel from timothy,
sweet vernal grass from ryegrass and lambsquarter from carrot seed.
In its simplest form, the vibrator separator consists of a single
inclined rectangular deck mounted crosswise on top of an electromagnetic
vibrator. The deck, which may have a smooth or a rough textured surface,
can be tilted both sideways and endwise . The intensity with which the
deck vibrates is regulated by a rheostat controller in the electrical
circuit.
In operation, the seed mixture is fed onto the center of the upper
end of the deck. As the mixture moves across the vibrating deck toward
the discharge end, the rough surfaced and flat seed "crawl" up toward
the high side of the deck. In contrast, the more spherical or smooth
seed, lacking the traction of the rougher and flatter particles, slip,
slide and roll down toward the lower side of the deck. Adjustable
dividers positioned along the discharge end of the deck keep the various
fractions separated as they are discharged.
The vibrator separator has been used experimentally to make some
very difficult separations. However, its high cost and low capacity
severly l imits its use in the seed industry at the present time.
The three auxiliary machines discussed so far in this session have
separated seeds on the basis of differences in shape, or shape and
surface texture. Seeds, however, differ from one another in several
other ways. For instance, seeds will differ in terminal velocity if
they differ in size, shape, surface texture or specific gravity. Air
separators, such as aspirators and pneumatic separators use the movement
of controlled air currents to classify seed according to their terminal
velocity.
Terminal velocity is the air velocity that will suspend a seed in a
confined rising column of air. When seed fall through a column of
rising air they encounter a restraining force. The strength of this
force, which is an air resistance force, will be influenced by such seed
characteristics as shape, size, surface texture and specific gravity.
As the air velocity is increased the air resistance force i ncreases
until an air velocity is reached that j ust suspends the seed in the air
column. This speed is known as the termi nal velocity.
The terms "aspirator" and "pneumatic separator " are not synonymous.
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Both aspirators and pneumatic separators utilize the same principle to
separate seed but there is one primary difference in these two machines,
namely, the location of the air source. Aspirators will always have a
fan at the discharge or exhaust end of the air column, whereas pneumatic
separators have a fan at the intake end of the air column.
Air separators can be classified into three general types, scalping
aspirators, fractionating aspirators and duo-aspirators, and pneumati c
separators.
Scalping aspirators are precleaning machines. They are used to
separate sticks , straw , weed seeds, dust, etc. from the seed- lot. In
operation , the seeds are fed from the hopper through a rotating cyl inderlike scalping screen . This removes the sticks, straw and large coarse
material. Seeds small er than the openings in the rotating screen fall
into the aspirating chamber through which air is drawn. As the seeds
fall into this air stream, the light trash, shriveled crop and weed
seeds are separated from the heavy plump seed. The light seed and trash
have a terminal velocity less than the velocity of the air stream. This
enables them to be separated. The air velocity through the aspirating
chamber is controlled with an adjustable gate .
The fractionating aspirator (Figure 10) and the duo-aspirator are
finishing machines. They have many uses. For example, they are used to
separate low-test-weight seed from high germinating seed, after the seed
has been uniformly sized. Used in this manner the aspirator is general ly
the last machine used in the processing line. Aspirators will also be
found instal l ed ahead of spirals and col or sorters to remove dust and
light trash. The fractionating aspirator is so named because different
fractions of a seed lot corresponding to seeds with different terminal
velocities may be obtained. In operation, the seed are fed from the
hopper into an air column. The heavy seed fall against the air flow and
out the air inl et. The lighter seed, chaff, weed seed, etc. are lifted
by the air column. The air column i s constructed at an ever widening
angl e. Therefore the velocity of the air is constantly decreasing. When
a point is reached where the terminal velocity of the seed is greater
than the velocity of the air, the seed fall into different outlets. The
duo-aspirator operates essentially the same as the fractionating aspirator
except that only two products can be obtained, a light fraction and a
heavy fraction.
The pneumatic separator (Figure 11), like the duo-aspirator gives
only two fractions, a light product and a heavy product. In operation ,
the seeJ are fed into the machine through a feed chute into a vertical
column of air. The air stream is created in a different manner than on
the previously mentioned aspirators. With the pneumatic separator a fan
at the bottom of the air column creates an air blast which forces air up
through the column. As the seed to be cleaned fall from the feed chute
into the air stream the light material, possessing a lower terminal
velocity than the heavy material, is forced to the top of the air column.
The heavy material falls against the air stream until it is deflected by
an inclined wire mesh screen into the heavy seed discharge spout.
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Seed equipment manufactu rers have done an outstanding job of providing the seed industry with the equipment needed to condition and
clean seed- lots to a very high level of quality. During this session we
have considered only a few of them.

UPGRADING PHYSIOLOGICAL QUALITY OF SEED LOTS l/
Charles E. Vaughan

~

Often the stage is reached in the processing of seed where all of
the contaminants, such as weed seed, other crop seed , and inert material
have been removed . Yet, the quality of the seed lot may still be below
par because the germi na tion percentage is sub-standard or for other
reasons. In such situations, the processor may still have several
possibilities for improving the overall qual ity of the lot .
In order to use specific items of processing equipment to improve
germination , the processor must be aware of those seed characteristics
associated with the physiological quality of seed . These include: seed
size , shape, condition of seed coat, specific gravity , and color.
When seed size is used as a basis for improving quality, the processor must first determine whi ch size range of seed must be removed.
Generally, the sma ller seed are lowest in qua lity, but this relationship
does not always hold. For example: in crimson clover, the extremely
large se·ed are lowest in quality; in white clover, the small seed are
lowest in quality; while in red clover, both the extremely large seed
and small seed are lower in quality than the seed of intermediate size
(Figure 1).
When sizing seed to upg rade quality, two machines are available to
the processor. There are more than 200 different sizes and types of
screens that can be used in various combinations for sizing of seed with
an air-screen cleaner. Often, sizing for quality can be accomplished at
the same time contaminants are being removed. The precision grader
(width-th ickness grader) has also traditionally been used to size-grade
seed for quality. Seed are sized for width by using cylindrical screens
with round hol e openings and sized for thickness by using cylindrical
screens with oblong openings. It is desirable to use test screens to
determine the percentage of the seed lot that must be removed to obtain
the desired quality level in the seed lot .
In recent years, spiral separators have been used to upgrade seed
quality in soybeans. The basis for this operation is a difference in
the shape of the seed. Diseased and immature soybeans are not as round
as mature, healthy seed. This provides a basis for removal of the low

ll Reprinted from 1973 Proceedings Short Course for Seedsmen.
21 Professor, Seed Technology Laboratory, Mississippi State
University .
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quality seed from the lot with a spiral separator, thereby upgrading the
quality . Improvement in quality is dependent upon the percentage of
malformed seed removed.
Mechanical damage, resulting in cracks in the seed coat, affords
opportunity for upgrading quality, particularly in small-seeded crops ,
such as the small-seeded legumes. Both the magnetic separator and the
roll mill can be used for removing seeds with breaks or chips in the
seed coat. Seeds that are damaged mechanically have lower germination
percentages than non-damaged seeds.
Another way in which the quality of a seed lot can be improved is
by the use of a specific grav i ty separator. There has been much research
work that has demonstrated a close and consistent relationship between
specific gravity and viability and vigor (Figure 2). For example ,
gravity grading can be used to great advantage in upgrading quality of
acid-deli nted cottonseed.
Some recent work by Seed Technology laboratory Personnel provides
an example of how a speci fic gravity separator can be used to upgrade
quality. Nineteen lots of acid-delinted cottonseed, including nine
varieties grown in six states, were gravity-graded into ten fractions
each, according to discharge position, by use of an Oliver Model 160
gravity separator. Twenty physical and biologi cal measurements were
made on samples from each position to determine their interrelationships,
the effectiveness of the gravi ty separator in upgrading seed quality,
and to identify and characterize associations between specific physical
and biol ogical seed parameters.
The gravity separator graded the seed into fractions according to
differences in volume and total weight of individual seed, which appeared
to be the major facto rs contributing to bulk density. Di fferences among
the fractions were most easily measured in terms of their bulk density
(weight per bushel). Seed of lowest bulk density discharged from the
lowest side of the deck, and bulk density increased as sample or discharge position moved toward the high side of the deck.
Viability and vigor, as indicated by germination percentage of both
untreated and treated seed , cold test reaction, field emergence , and
accelerated aging response, followed the same trend as bulk density ,
i.e., lowest germination-emergence was obtained from the lightest bulk
density seed di scharging at the lowest side of the deck, and increased
as discharge position moved toward the high side of the deck in proportion to the increase in bulk density (Figure 3). The only difference
was a slight decline in germination-emergence of the heaviest fraction
of seed discharging from the highest position on the deck . Bulk density
was positively correlated with the various germination-emergence parameters . Specific gravity and compactibility of the seed were not
closely correlated with the other test parameters and varied only slightly
with sample position.
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Figure 4.

Average percentage of free fatty acids found in seed
discharging from the gravity separator at different
sampling positions.
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Average length of seedlings and dry weight of radicle-hypocotyl
axes and cotyledonary leaves, seven days after planting, generally
increased with i ncreasing bulk density .
Free fatty acid content was highly and negatively correlated with
both bulk density and germinability (Figure 4). It was highest in seed
from the low sampl e positions and decreased to mini mal values in seed
from sample positions 8 and 9. There was slight increase in free fat
acidity in seed from sample position 10, corresponding to the slight
decrease in germinability of seed from that position. Seed from different lots with a given free fatty acid content varied considerably in
germinabil ity; however, a high fatty acid content was consistently
associated with low germinability and bulk density.
Incidence of mechanical injury was highest in seed of low bulk
density from the low side of the gravity separator deck, and declined to
a minimal l evel in seed from sampl e positions 6 to 8, after which it
s li ghtly increased. However, the percentage of injured seed among
sample positions did not parallel either bulk density or germinability
cl osely enough to produce high correlation coefficients.
Based on these results, acid-delinted cottonseed with bulk density
below 42 pounds per bushel should be rejected during gravity grading of
a seed lot and diverted to commercial use. In this manner, the accepted
fraction of the lot would generally germinate above 80%. For higher
quality seed, the rejection point should be about 44 pounds per bushel ,
and the very heaviest seed discharging from the extreme high side of the
gravity separator deck should also be rejected .
Recent work at Texas A & Mproduced generally the same information;
however, two other ways in which gravity-grading can improve seed quality
were identified . First, the heaviest seed within a gravity group gave
cons istently higher yield than the lightest seed in that group. Second,
seed density exerted a strong influence on the earliness of germination.
High density seed, on the average, emerged first . It has also been
shown that the first seed to emerge contribute more to yield than those
that emerge later.
The trends reported here with cottonseed have also been found with
other crops. For example, significant increases in germination percentages
have been obtained in sorghum and millet with the use of a specific
gravity separator.
Another machine that can be used to great advantage for improving
seed quality is the air separator . Air separators are widely used in
seed processing as separate systems or structura lly incorporated in
other cleaning devices. Indeed, air separation systems have been so
well integrated in other separators that they have almost lost their
identity. The basic seed cleaner, the air-screen machine, has one, two ,
three, or more air systems that assist in the separation made by these
machines.
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Air separators - as considered here - can be classified as pneumatic separators, aspirators, and scalping aspirators. Although these
three types of air separators are different in appearance, they utilize
the same principle of separation.
Air separators are used in three different and distinct ways:
1.

General cleaning: Air separators are widely used to clean
seed by removing dust, chaffy inert material, pieces of
broken seed, immature and shrivelled seed, and other light
contaminating material . Air systems in an air-screen cleaner
perform this type of general cleaning operation.

2.

Specific separations: In some cases, an air separator
can be used to remove a specific contaminant that was not
removed by previous cleaning operations . The seed mixture
should be closely pre-sized before the air separation is
attempted.

3.

Close grading: Air separators are used to grade" seed for
density or volume weight. Removal of lightweight seed or
insect damaged seed from grass, grain, vetch, or cotton seed
increases bushel weight (volume weight) and may upgrade germination . The effectiveness of thi s separation depends on the
purity of the seed to be upgraded. For best results, the seed
should be thoroughly cl eaned on other machines before the
final air separation is attempted. It is this close grading
that offers the greatest possibilities for improving seed
quality.
11

In a study conducted several years ago, the air separator proved to
be an effective machine for improving the germination of various clover
seed l ots (see Figure 2). Specific gravity, as determined by an air
separator, was consistently related to viability. An increase in specific
gravity of the seed was accompanied by an increase in germination
percentage . The range in average germination percentage from seed of
low specific gravity to seed of high specific gravity was as follows for
the different crops in the study: red clover 15.9%, white clover 29.3%,
and crimson clover 30.0%. The greatest difference in germination percentage between any two specific gravity groups always occurred between
the lightest and second heaviest specific gravity group.
The color of seed is another seed characteristic that can be used
to .upgrade quality. In many seed kinds, as seed deteriorate , they
darken in color (Figure 5). By removing the darker, more deteriorated
seed within a lot, seed quality may be improved. Color sorters, therefore, have a great potential in providing the processor with the capability for i mproving the quality of seed lots. Electric color sorters
have potential application in three areas of seed processing: research,
purification of seed stocks, and upgrading seed qual ity. Specific data
from five different applications show that the color sorter is an effective tool in upgrading seed quality. These are:
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Damaged Corn Seed - Four lots of corn seed, two white-seeded and two
yellow-seeded, were mechanically damaged by passing the seed through a
Crippen Model Scarifier. After mechanical treatment, 5-pound samples of
each lot were briefly soaked in a 0.1 % solution of fast green to stain
damaged areas on the seed. The effectiveness of the color sorter in
separating the mechanically damaged, stained seed from undamaged, unstained seed was then evaluated.
Standard germination percentage of the acceptable (undamaged) seed
was 1 to 6% higher than that of the composite, and 5 to 21% higher than
that of the rejected seed. The effectiveness of color sorting for
removal of damaged seed was even more evident when cold test germination
results were considered. The accept fraction had a cold test germination
22 to 29% higher than the reject fraction. These data indicated that
color sorti ng after pre-treatment of the seed with fast green was effective in removing mechanically damaged seed and upgrading both standard
and cold test germination percentages.
Mechanically Damaged Soybeans - A lot of Lee soybeans was obtained from
Foundation Seed Stocks at Mississippi State University. These seed had
been damaged at harvest by excessive threshing cylinder speed. Normal
processing procedures could not remove the seed with cracked seed coats,
broken cotyledons , and fractures extending into the cotyledons. Also,
there was not enough color difference in the damaged areas for detection
with electric color sorters . To induce a color difference, the seed
were imme rsed in a solution of indoxyl acetate, removed immediately, and
placed in an electric dryer where ammonia fumes, introduced into the
intake air stream of the dryer, developed a blue-indigo stai n on the
damaged areas of the seed .
After drying, the seed were processed on a color sorter to remove
the stained seed . Germination percentages of the original and sta i ned
seed before sorting indicated a reduction in germination of 12%. This
reduction was caused by the stai ning and drying processes. The damage,
however, appeared to be more attributable to seed coats sloughing off
from wetting and drying than to any toxic effect of the indoxyl acetate.
After electric color sorting, the "accepts" germinated 98% and rejects
germinated 36%.
Green Seed from Lee Soybean Seed - Four lots of Lee soybeans that contained 18 to 36% "green" colored seed were obtained from seed stocks in
the Seed Technology Laboratory . Seed of Lee are normally buff colored,
but in some seasons, some of the seed of Lee and other varieties retain
a green color in the cotyledons. It is not known what prevents the
cotyledons of these seed from changing to the normal, light yel low color
during maturation.
The green seed were separated using a color sorter and germination
tests were made to determine if there was any difference in the quality
of the green and normal colored seed. The normal buff colored seed
germinated 22 to 32% higher than the green seed . These results indicated
that there is a pronounced difference in germinability of the buff
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colored and green seed and that a col or sorter can separate them and
upgrade germination .
Weathered Cowpea Seed - Two lots of cowpeas were obtained from Foundation
Seed Stocks, Mississippi State University. One lot, Bunch Purplehull, a
white-seeded variety, had been moderately weathered , while the other
lot, Mississippi Silver, was more uniformly damaged by freque nt showers
and humid weather at harvest time . Both lots failed to meet minimum
germination standards for Foundation seed (80%) .
Weather damaged seed were removed f rom both lots and germination
tests run on each separately. the germination of the Bunch Purplehull
lot was increased from 68 to 84% with a loss of 34% of the lot, and thus
qualified as Foundation class seed. Germination of the Mississippi
Silver lot was increased only 6% with a loss of 28% of the lot. It did
not meet standards even after sorting . The el ectric sorter performed
well where there was a visible difference due to weathering. However ,
when weathering was severe and uniform, effective separation was not
possible.
Deteriorated Clover and Alfalfa Seed - Lots of crimson clover and alfalfa
seed were separated into three fractions in two passes through a color
sorter. On the first pass, the lightest colored seed (light) were
rejected. The accept fraction was further divided by the second pass
into rejects (tan seed) and accepts (brown seed) .
Germination of crimson clover seed was increased by 8 to 18% over
the composite at the expense of seed losses of 24 to 42%. The light
colored seed separates germinated 30 to 67% higher than the brown seed
separates. Co lor sorting alfalfa seed increa~ed germination by 11 to
20% over the composite at the expense of seed losses of 26 to 49%. The
light colored seed separates germinated 20 to 67% higher than the brown
colored seed separates.
The electric color sorters can be a valuable tool for research and
commercial processing. They are extremely versatile and accurate when
operated properly. Their principal disadvantages are high cost, low
capacity, and the need for some specialized trai ning for operators .
A successful processor, then, shou ld look beyond the removal of
contaminants in normal cleaning operations to operations that wi ll help
in improving the overall quality of the seed.

SEED DORMANCY
James C. Delouche l!

Dormancy of seed and other reproductive structures is one of the
most ubiquitous phenomena in the plant kingdom . It is conditioned by
endogenous, structural or chemical mechanisms which prevent the germination of otherwise viable seed when they are supplied with water ,
oxygen and temperature levels normally favorable for germination.
Although dormancy in seed is most often characterized as a failure of
live seed to germinate when favorable conditions are provided, it is
also manifested - especially in cultivated species - as an increased
specificity in the requirements for germination, e. g., the seed will
germinate but only under a narrow range of constant or alternating
temperatures.
Survival Value of Dormancy
Seed dormancy apparently evolved in plants as an adaptation of
survival value to climatic conditions. By delaying the germination of
the population of seed produced by a plant and distributing it (germination) over time, dormancy mechanisms increase the probability that
some of the seed will germinate and develop at a time favorable for
growth , development and reproduction. Survival of the species, therefore, is essentially ensured.
As an example of the survival value of seed dormancy, consider the
life cycle of a summer annual species such as common weedy morningglory.
The seed germinate in late spring or early summer (and throughout the
summer) , the plants develop, flower and produce seed in late summer or
early fall . If the seed were not dormant, they would germinate during
any period of warm temperatures and adequate moisture during the fall ,
and the seedlings would be killed by the first hard freeze. Morningglory seed, however, are dormant . A few seed might germinate during the
fall and be killed by freezing weather, but most remain dormant . Conditions are not favorable for germination during winter - too cold - but
do become favorable ''periodically'' as the season changes from winter to
spring . A few more morningglory seed might germinate during these
periods of good conditions and then succumb to a late freeze, but most
still remain dormant. As the late spring and summer seasons become
established, more of the seed germinate, develop into plants, flower and
produce seed. But, some seed still remain dormant and do not germinate

ll Dr. Oelouche is Professor of Agronomy and Director of Seed Technology Laboratory, MSU.
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until the next spring, or the next, etc. In this way, "nature" guards
not only against "expected " hazards to the survival of the species ,
i.e., freezes following germination in fall or early spring, but also
against unexpected ha zards during the normal growth cycle of the species
such as summer floods or droughts which might prove fatal to growing
morningglories .
The foregoing example suggests that the individual seeds of the
population produced by a plant or species differ in degree of dormancy,
and, thus, are "rel eased" from dormancy at different times. This is
true . In order for dormancy to be fully effective as a survival mechanism , two conditions must be met . First, the restriction on germination
imposed by dormancy must be overcome by some natural and expected agency
or condition, e.g . , low temperature, hot dry weather , action of soil
acids and microorganisms on seed coveri ngs . Secondly, the intensity of
dormancy must vary among the individual seeds so that they are not all
released from the dormant state at the same time. If the first condition were not met, dormancy would obviously have no survival value the seed would never be released from dormancy under "natural 11 conditions. On the other hand, if the second condition were not met and
dormancy in all the seed was released at the same time , any unexpected
hazard during the growing period such as flood or prolonged drought
would wipe out the species. Dormancy , therefore, not only delays germination but di stributes it over several years .
Dormancy in Cultivated Species
Seed dormancy is much more prevalent and profound - deep seated in "wild 11 species than in cultivated species. Or, put another way,
dormancy is less prevalent and intense in species which man has "improved" through selection and breeding than in species which have not
been subjected to ma n•s manipulations .
The seed of most varieties of crops long under domestication and
improvement such as wheat, corn, rice, cotton and soybeans either have
no "recogni zabl e" dormancy or exhibit only a slight degree of very
short- lived dormancy . Dormancy of the prof ound , persistent type is an
inconvenience in crop production. Therefore , man has conciously and
unconciously selected away from seed dormancy . Only a slight often
"unrecogni zeab 1e'• degree of dormancy has been preserved - enough to
prevent ge rmination i n- the-ear, i.e., while the seed are still on the
plant, which would , of course, be diastrous for seed production. It is
of interest that a few lines of cultivated crops have been developed
whose seed regularly germinate in-the- ear whenever rainfall is adequate.
Such lines apparently have not retained sufficient dormancy to prevent
germinati on in-the-ear and are termed viviparous lines.
The slight degrees of "residual" dormancy in
field crops persist after harvest and "drying" in
centage of the seed, and even then for only a few
persists long enough to be bothersome at planting

most varieties of
only a small perweeks. It seldom
time. For example,
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some varieties of rice exhibit 5- 20% dormant seed when tested a few days
after harvest and drying, but this dormancy is rapidly lost so that it
is not evident when the seed are retested 3 or 5 weeks later .
Dormancy is much more of a problem in the forage and pasture species
which have been subjected to relatively little of man's improvement
efforts . And, of course, it is a major probl em to the nurseryman, forester, and weed control specialist.
Mechanisms of Dormancy
Nature has been very inventive in evolving mechanisms to delay and
distribute germination of seed over time - to achieve dormancy. Some of
the mechanisms are so complex that even now they are poorly and incompletely understood, while others are much simpl er and are "understood"
quite clearly. In all cases, however, the mechanisms are marveleously
ingenious .
The types or mechanisms of seed dormancy have been (and are) classified in various ways depending on the perspective , objectives, and
background of the classifier. In general terms, however, seed dormancy
mechanisms fall into two general types: mechanical - impermeability of
the seed "coverings" to water, oxygen, "mechanical" restrictions imposed
by the coverings, and physiological - inhibitors, hormonal imbalances,
photosensitivity, etc. The mechanical types of dormancy are, of course ,
much easier to understand than the physiological.
Hardseededness
One of the most familiar mechanisms of dormancy is impermeability
of the seed covering to water. Since absorption of water or rehydration
is a requirement for germination, seed prevented from absorbing water by
"waterproofing " of the seed coat cannot germinate. Seed with water
impermeable seed coverings are common ly referred to as "hard" seed
because they do not take up moisture and "soften" when planted.
Hardseededness is the common mechanism of seed dormancy in the
legume, cotton, and morningglory families (and in others that are less
familiar) . In the legume family, hardseededness is most frequently
encountered in the clovers, alfalfa, trefoils, vetches and other forage
and pasture types most of which have relatively small seed. Hardseededness i s present but less frequently encountered in peas, beans, and
soybeans. The frequency of hardseededness varies not only among the
species but also among varieties within a species . For example, Laredo
soybean , a blackseeded forage type widely grown in the South in the
1940s and 1950s had a substantial percentage of hard seeds - as high as
50% in some lots. In modern "grain type" soybean varieties, on the
other hand, hard seed are rather rare - usually much less than 1%. There
has been some interest in the last few years in the potential of "hardseeded" lines of soybeans for minimizing weathering damage.
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Modern cotton varieties have a low incidence of hard seed, but some
of the wild relatives of cotton, and other members of the cotton family
such as okra and the weedy species produce a high percentage of hard
seed. Hardseededness is very common in the morningglory family, especially among the weedy species, and is a major factor contributing to
their success as weeds.
Much of the work on the nature of hardseededness has been done in
the small seeded legumes such as the clovers. The "water proofing" of
the seed coat has been variously attributed to a waxy layer in the seed
coat, a "hygroscopically" activated valve in the fissure or opening near
the hilum, and pectic material s impregnated in the seed coat.
From the standpoint of a weedy morningglory
edness is of great survival value. A few plants
produce seed that infest the soi l and ensure the
species for many years. Thus, to the farmer and
hardseededness in weeds is, a nuisance, if not a

or other weed , hardseedescaping weed control
continuity of the
weed control specialist
curse .

Hardseededness does have a positive value in some of the forage and
pasture legumes. Some varieties of crimson clover - an annual - have
been deliberately selected for a high percentage of hard seed so as to
insure volunteer "re-seeding". Some workers contend that a moderate
percentage of hard seed in perennial crops such as alfalfa is .beneficial
in maintaining stands . On the other hand, the disadvantages of hard
seed in an annual crop such as cotton are obvious.
In nature hardseededness is apparently overcome, i.e. the seed are
rendered permeable to water, by the action of soil acids and microorganisms acting over time. More rapid methods for overcoming hardseededness have been devised by man. The most general ly applicable
method is scarification - a controlled scratching of the seed coat which
cuts through the impermeable layer. Sca rification can be as simp le as
rubbing a few hundred seed between the fingers and fine sandpaper, or as
complex and critical as continuous-flow operations in a high capacity
"huller-scarifier". Other methods for overcoming hardseededness include
so-called acid acarification (soaking the seed in sul furic acid), heating,
rapid cooling to very low temperatures, brief soaks in hot water, soaks
in solvents, and mechanical impaction. The sulfuric acid treatment
erodes the seed coat while the heat and cooling treatments probably
induce minute fractures in the seed coat by rapid expansion (heating) or
contraction (cooling) of the seed .
All of the treatments for overcoming hardseededness - except solvents which are not very effective - have the common feature of "controlled damage". Improper and uncautious application of the methods or
treatments can cause so much damage that the seed are rendered unfit for
planting. Even when the treatments are applied properly, the seed
should not be held in storage for too long because storage potential is
decreased. The treatments, therefore, are best applied a short time
before the planting season .

121

Oxygen Impermeability
Seed dormancy in most species of the grass family appears to be
conditioned - in part at least - by a restriction on oxygen absorption
imposed by the pericarp (seed coat). The evidence for this "mechanical"
type of dormancy in the grasses, however, is not as conclusive as for
the water impermeability type of dormancy previously discussed .
The lines of evidence for an oxygen restriction or impermeability
type of dormancy in many kinds of grass seed are two-fold: (1) rupturing
the pericarp near the embryo (or ger m) overcomes dormancy; and (2)
increasing the partial pressure of oxygen partially overcomes dormancy
in a few kinds of grass seed. The former line of evidence is the most
persuasive.
Rupture of the pericarp near the embryo by pricking with a fine
needle i s the most effective means of breaking seed dormancy in grass
species. The treatment is equally effective for temperate climate range
grasses such as western wheatgrass or tropical grasses such as bahiagrass . Si nce rupturing of the pericarp with a needle is very tedious,
acid "scarification" procedures similar to those used for "hard seed"
have been used to overcome dormancy in some grass species. It is also
likely that some of the benefits of hulling grass seed, e .g. , bermudagrass , are related to an elimination of dormancy by mechanical scarification of the pericarp.
A variety of other treatments are used to overcome dormancy in
grass seed. None of these, howeve r, are as generally app licable and
effective as rupturing or scratching the pericarp, or even acid scarification.
In seed tes t ing practice the use of alternating temperatures, a
0.2% potassium nitrate solution as moistening agent, light and "prechilling" are prescribed singlely and in various combinations for overcoming seed dormancy in such temperate climate forage and range grasses
as orchardgrass, fescues , smooth bromegrass, the ryegrasses and many
range grasses. The prechill treatment involves subjecting the seed
(after planting for germination test) to a 5 to lOC temperature for 5 to
10 days before transferring to an alternating temperature such as 15- 25C
for germination . While these treatments are generally effective , individual species often respond in different ways. For example, germination of western wheatgrass is inhibite_d rather than promoted by light.
In the temperate cereals such as wheat, barley , rye and oats,
dormant seed are relatively insensitive to light and potassium nitrate
treatment but respond well to pre-chilling, pre-drying and to treatment
with gibberellin, a hormone .
Dormant seed of subtropical of tropical forage species usually
respond quite well to pre-drying treatments, only sl ightly to light and
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KNO , and not at all to pre-chilling. Light , potassium nitrate and prechiTling have no effect on dormant rice seed. Dormancy in rice, however, can usually be overcome completely by pre-drying or a 24 to 48
hour soak in warm water (40C).
In addition to the treatments mentioned above, the literature
contains many reports on the use of exotic chemicals - ranging from
citric acid to ethylene chlorohydrin - for overcoming dormancy in selected grass species. These chemical treatments appear to be very specific in application .
The varying responses of different kinds of grass seed to the array
of treatments used (and tried) suggests that dormancy is probably much
more complex than indicated by the general applicability of the "pericarp ruptu r e" treatment. A relative impermeability of the pericarp to
oxygen is probably only one of a delicate balance of factors condi tioning dormancy. Competitive oxygen requiring reactions, inhibitors,
hormone-inhibitor disbalances and other yet-to-be uncovered factors also
appear to be involved .
If time can be considered as a "treatment" then it is even more
effective than rupture of the pericarp in release of the dormant condition. In all grass species, the percentage of dormant seed in the
population diminishes with time. The rate of release appears to increase with storage temperature - up to a point.
The incidence of seed dormancy in the cereals and small grains
varies among varieties. Some varieties have a relatively high percentage of dormant seed , while in other varieties dormancy is hardly
recognizeable. In any event, dormancy is short lived and seldom persists
longer than a month or two after harvest. Dormancy "problems" , therefore, are mostly confined to the testing la bora tory. There is no effect
on field emergence at normal planting times except in cases of a dormancy induced in some kinds of sorghum seed by over-dryi ng, and second
crop rice planted a few weeks after harvest as practi ced in some parts
of Asia.
Dormancy in most temperate forage speci es is usually released by
planting time. In the r ange grasses and some tropical forage grasses ,
dormancy persists for one to several years and has an adverse effect on
field emergence. Some kinds of range grass seed are held in storage for
18- 24 months before marketing to allow for a substantial r eduction in
the percentage of dormant seed before marketing .
Light
Light plays a vital role in the growth and reproduction of plants.
It is not surprising , therefore, that it is also involved in the mechanisms of dormancy in some kinds of seed .
· In the late 1930s Flint and McAlister demonstrated that the different
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colors or wavelengths of light had entirely different effects on the
germination of lettuce seed. Red light (wavelength, 6500 Angstrom
units) promoted germination of lettuce seed while far-red light (radiation with wavelength of 7500 Angstrom units) inhibited germination. The
mechanism for these peculiar responses of lettuce seed to light was not
uncovered until the early 1950s. Borthwick and co-workers showed that
the germination promoting effects of red light and the germination
inhibiting effects of far-red radiation were immediately and repeatedly
reversible. Imbibed lettuce seed exposed to short periods of alternating red and far-red radiation germinated or were inhibited in germination
depending on the wave-length of the last radiation in the sequence,
i.e., germination was promoted when red light was last in the sequence,
while a l ast exposure to far-red radiation inhibited germination. These
and other responses suggested to Borthwick and his co-workers that the
effects of light on germination of lettuce seed could be interpreted in
terms of changes in a light- receptive pigment. The pigment was later
identified, characterized and called phytochrome. The pigment exists in
two inter-convertible energy states: P-730 which promotes germination ,
and P-660 which inhibits germination. When lettuce seed (or other light
sensitive seeds) are exposed to red light, P-660 is converted to P-730
and germination proceeds. Conversely, exposure of the seed to far-red
radiation converts P-730 back to P-660, which inhibits germination .
Control of germination by the red-far red photoreaction has been
demonstrated in a variety of seed kinds ranging from lettuce through
tobacco and peppergrass (a weed), and including some of the pines.
The light requirement for germination is usually most binding in
freshly, harvested seed . The seed become increasingly insensitive to
light with time under air-dry storage conditions. Imbibition (water
absorption) and germination temperature also affect the sensitivity of
seed to light. lettuce seed which have ''lost" their light sensitivity
during storage become light sensitive again when imbibed at high temperatures (i .e., 35C). Other "stress" conditions such as continuous
far-red radiation during imbibition and high osmotic pressure moistening
agents, also increase or re-instate light-sensitivity.
On the other hand, proper manipulation of the imbibition-germination
environment and other treatments can "substitute" for 1ight, or by-pass
the light requirement . Seed of some varieties of tobacco require light
for germination at constant temperatures but germinate quite well in
total darkness at alternating temperatures. lettuce seed often germinates
quite well at temperatures of 15C or lower, but require light for
complete germination at higher temperatures. low temperature stratification of sufficient duration by-passes the light requirement in some
kinds of pine seed. The plant hormone gibberellic acid eliminates the
light requirement in many kinds of light-sensitive seed .
As mentioned above, the photocontrol of germination is often coupled
with thermodormancy, i.e., temperature control of germination . The
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action of photo - and thermo-dormancy mechani sms in controlling the
germination and growth period of a plant species is dramatically evident
in bracted plantain , a common weed. Bracted plantain is a winter annual. Seedlings of bracted plantain can be observed in infested areas in
October. The seedlings develop into a typical rosette plant form during
the fall and winter. In late spring a flowering stalk develops and seed
are borne, maturing in June. After maturation the seed shatter and fa l l
to the ground where they remain unti l October at which time they germinate and the cycle begins again. Why don•t the seed of bracted plantain
germinate in the period June - October?
Germination of bracted plantain seed is rigidly controlled by
temperature and light. The seed are light sensitive and only a few
(usua lly less than 10%) will germinate in darkness at a temperature of
20C or lower and only an occasional seed germi na tes above 20C. When
exposed to light, the seed germinate very well up to about 26C. Above
this temperature germination percentage decreases sharply . At 30C none
of the seed germinate even in light .
These responses suggest at least several of the reasons why bracted
plantain is a winter annual rather than a summer annual, and a success ful weed. At the time seed mature and shatter in Ju ne, the temperature
is generally too high for germination . DurinJ this high temperature
period some of the seed become covered with s1il or plant residue, thus,
establishing a dark condition . In October when the soil temperature
decreases to a favorable level for germination i.e ., 25C or lower, seed
exposed to light germinate and seedlings are established. However, only
a small percentage of the seed covered with soil or plant debris suffi ciently to exclude light germi nate and develop into plants. The rest
remain dormant until something 11 Uncovers 11 them or until light sensitivity
is lost with time. Thus, germination is distributed over time .
Dormancy in bracted plantain appears to be related in some way to a
deficiency in gibberellin, the hormone be l ieved to be involved in the
initiation of the germination process. Application of gibberel lin to
bracted plantain seed induces complete germination up to about 32C in light
or darkness, and even promotes germination in about 50% of the seed at
35C when exposed to light. In field studies a few years ago we were
able to induce germination in some bracted plantain seed buried l/4th
inch in soil in August, when soil temperatures averaged above 30C,
by a drench with a gibberillen solution.
Other Mechanisms
Some of the most interesting and intricate mechanisms of seed
dormancy are found in the shrubs and trees. It has been estimated that
nearly 70% of the American tree species exhibit .,deep seated., seed
dormancy. The percentage of species exhibit·lng .,deep-seated., seed
dormancy is probably even higher among the shrubs .
Hardseededness is the usual type of dro1nancy in seed of members
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of the legume family such as honey locust and black locust . Thi s type
of dormancy is also found in some of the huckl eberries and sumacs. In
other species such as the basswoods, dogwoods, hawthorns, and snowberries, seed dormancy is conditioned by both an impermeable seed covering aand "embryo" dormancy. Hardseededness in tree and shrub species
is usually overcome by a warm temperature pre-treatment of imbibed seed
and/or by soaks in concentrated sul furic acid.
The most common type of seed dormancy in some of the more economi cally important tree species such as the pines, firs, Douglas fir, and
black oaks is so-called embryo dormancy. Germination is not ini tiated
until certain physio logical changes occur in the embryonic axis or
supporting ti ssues such as the endosperm and cotyledons . In nature the
changes that result in los s of the dormant condition are induced by low
temperatures during the winter time. The early foresters and nurserymen
observed that the low winter temperatures broke dormancy on ly when the
seed were fully imbibed. Seed in air dry storage were not affected by
the low temperatures. A treatment was then developed for breaking
dormancy which consisted of layering seed between moist sand or peat and
exposing the set-up to winter temperatures for 1-3 months . Following
treatment the seed were separated from the sand or peat and planted in
the nursery . Later as mechani cal refrigeration became available, the
refrigerator or cold storeroom was used to produce an "artificial "
winter which was just as effective as the natural one in overcoming
dormancy. Although the seed and moist substrata are no longer neatly
positioned in layers, the treatment is still known as "stratification " or more precisely, low temperature stratificat ion .
The species mentioned above require only one period of low temperature stratification to release dormancy sufficiently for planting .
In other species multiple stratification treatments are required to
overcome dormancy. The combination hard seed covering and embryo dormancy mechanisms in some of the dogwoods, hawthorns and snowberries have
already been mentioned. Singe low temperature strati fication is effective
only when the seed are fully imbibed with water, the hard seed condition
has to be overcome first . In nature the seed covering softens the first
summer after seed dispersal while the embryo dormancy is released during
the second winter. Two years, therefore, are required for seedling
production. In nursery practice, the use of sulfuric acid or a high
temperature stratification treatment (25 to 30C) to soften the seed
followed by low temperature stratification permits nursery seedling and
seedling production the first spring after har vest.
In t he ornamental genus Vi burnum the shoJt bud (epicotyl) of the
embryo is dormant in some of the northern species . The epicotyl dormancy can be overcome by low temperature stratification but only when
the roots are developed. In nature the roots develop during the first
spring or summer after seed ripening while dormancy of the epicotyl is
overcome the following winter. Nursery practice usually involves a warm
temperature treatment to initiate root growth and permit their development followed by an artificial winter in the cold room. This type of
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dormancy is also exhibited by some species of Lilium and Paeonia.
In some herbaceous genera such as Tri llium, Convallaria , and
Smilacina , dormancy specialization is carried to extremes - the root and
shoot buds are both dormant and shoot dormancy cannot be broken until
the roots are developed. Treatments used to overcome this type of
dormancy are complicated . First, the seed are given a low temperature
stratification treatment for 3-6 months to release the root dormancy.
This is then followed by a warm temperature treatment for 1-5 months to
permit initiation and development of roots . After the roots are developed, a second low temperature stratification treatment is required to
overcome the shoot dormancy . Following this treatment, the seed are
finally ready to produce seedlings.
11

11

Some species exhibit even more peculiar types of dormancy. The
embryos of peach, apple and some of the hawthorns (all members of the
"Rose Family are sort of partially dormant. The embryos can be forced
to germinate by removal of the seed covering but the seed ling produced
are drawfed. This physiological drawfism can be overcome by exposing
the seedlings to low temperatures for 2- 3 months, or - in some cases by removal of the cotyledons or treatment with gibberellin. Apparently,
some type of inhibitor is present in the cotyledons which inhibits
growth.
11

)

Many seed of the Ginkgo tree are dispersed before the embryo is
fully mature. The seed will not germinate until the embryo matures 2 to
3 months after dispersal.
The deep seated dormancy mecha ni sms and combinations in tree and
shrub seeds are a continuing challenge to the forester and nurseryman.
Compared to this challenge, that confronting the agronomist is rather
minor .
Some Implications of Dormancy
The rev iew of seed dormancy in the previous sections is not, by any
means, exhaustive. Germination inhibitors which have an important role
in delaying germination and distributing it over time were mentioned
more or less parenthetically, and only a few times . The fascinating
balances between dormancy mechanisms and components of the environment
so beautifully demonstrated in some of the arid and semi-arid species
were ignored .
As a sort of summation of this discussion of seed dormancy, I
thought a bit of speculation on the practical implications and potential
applications of dormancy phenomena in seed might be in order . A few of
the implications and potential applications have already been mentioned,
but I believe they can bear repeating.
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Weed Control - Seed dormancy is an important characteristic that
contributes to the weedy habit in plant species . Weeds produce an
abundance of seed which vary widel y in degree of dormancy . Some of the
seed germinate as soon as environmental conditions become favorable.
Other don't germinate until the following season, year, or years. Most
weed control practices kill germinating or germinated seed, or seedli ngs,
or growing plants, thus the dormant non-germinating weed seed in the
soil are not affected. Since these do germinate later in the season or
in the following seasons, weed control has to be almost continuous.
Even with the best of weed control, a few weeds escape, grow and produce
seed which then re-infest the soi l .
Weed control would be grea tly simplified if methods could be developed for breaking the dormancy of weed seed in the soil. One can
envision, for example, incorporation of a chemical in the soil that
would stimulate germination of weed seed - at least those in the surface
layer. The germinating weed seed could be killed by application of
appropriate chemicals or by mechanical methods, and the reservoir of
weed seed in the soil would be significantly depleted. Additional weed
seed could then be brought up to the germination zone and the procedures
repeated. In time, the fields would be virtually weed free.
Field Deterioration of Seed - Weathering is a major cause of low
seed quality . Rain, heavy dews, even fogs, combined with warm temperatures after seed are mature but before harvest are very detrimental to
seed quality. There is good evidence, however, that the detrimental
effects of weathering decrease as the intensity of dormancy of seed
increases. We have demonstrated, for example, that "hard-seeded" lines
of soybeans maintain germination under adverse climatic conditions
during the harvest period much longer than released varieties. Other
have demonstrated similar effects for hardseeded lines of cotton.
Sorghum lines with a higher degree of seed dormancy than "normal" are
also resistant to weathering.
Following this line of reasoning and the bits of evidence that have
accumulated, breeding crops for higher degrees of seed dormancy might be
one avenue for increasing resistance to weathering and improving seed
and grain quality. There would, of course , be many side issues such as
getting rid of the dormancy before planting, but these could probably be
resolved.
Improving Storability - In the early 1960s one of our graduate
students removed dormant rice seed from germination media after 30 days
or so, placed them in a small sealed bottle , and stored the bottle on
the table top in the lab. The seed had absorbed moisture and were at
about 33% moisture content . The temperature i n the room was about 75F.
Every month the bottle was opened, seed were removed, treated to break
dormancy, and tested for germination. When the seed "ran out" after 6
months they were still germinating above 95%. This is the point: the
mechanism(s) that prevented the fully imbibed rice seed from germinating
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in some way also prevented or reduced the normal processes of deteri oration. Non-dormant r i ce seed imbi bed up to about 30% moisture and stored
at 75F were dead within two weeks .
The development of "treatments .. for harvested seed that would
induce dormancy might permit the storage of high moisture seed or grain
for considerable periods of time without deterioration . The treatments
would have to be chemicals of some sort that inhibit germination (or
selected metabolic processes) but whose acti on could be 11 reversed 11 by
drying or other chemicals before planting.
Control of Germination - Consider the advantages that could be
gained from rigorous control of the germination process after crop seed
are planted. It is conceivable - even probable - that as our knowledge
of the physiological processes involved in r ermination and dormancy
advances, it will become possible to program_ seed for germination at
pre-selected times, in response to the development of certain desirabl e
combinations of environmental conditions in the seed bed, or on the
application of triggering stimuli. A warm season crop could be planted
anytime during the winter when soil conditions were mechanically suitable for planting but the seed would not germinate until the programmed
time when climatic and soil conditions become favorable for germination
and emergence . Some progress has already been made with wheat seed. If
a triggering stimulus was required to release the germination control
mechanism it could be flown on like an herbicide or insecticide.
Dormancy controls and regulates the germination of seed. In some
cases, dormancy is released in response to specific triggering stimuli.
Thus, the basic mechanisms for the control of the germination process
already exist. As we ga i n a better unders t ~ nding of these dormancy
mechanisms and how they are released, some ·Jegree of germination control
should be possible.
Some of my speculations might seem rat1er far-fetched - pipe dreams.
None are original, however, so others have the same sorts of visions.
Perhaps, j ust perhaps, these visions will begin to materialize in the

1980s.

DIAGNOSIS OF SEED QUALITY PROBLEMS WITH TZ TESTS l/
R.P. Moo re 2/

Economically sound decisions , questionable decisions, or wrong
decisions --to what extent do you use each in your business? Decisions
as how best to bypass factors that downgrade seed quality or to upgrade
seed of undesirable quality need to be sound , efficient, and timely .
Extra profits are to be realized by sound and timely decisions. Financial adversities accompany unsound and untimely decisions.
Seed producers, seedsmen, managers of foundation seed programs,
officials of certification programs, plant breeders, and other individuals or agencies that handle seed must constantly make decisions invol ving the hidden aspects of seed quality and of the opportunities to improve quality. The need for timely action oftentimes encourages costly,
inappropriate decisions. The delay in awaiting growth test resul ts and
the inadequate information they provide frequently forces a person to
take premature actions in handling the problems associated with the
hidden but important aspects of seed quality .
The tetrazolium (TZ) test has been developed and refined as a rapid
test to fulfill some of the basic needs for exposing and diagnosing many
of the causes for inferior seed quality. The TZ test along with growth
test results appear to answer most of the basic questions concerning
causes for inferior seed quality . Each test is basically different.
Neither test is as well understood as it should be understood. Each of
us needs to spend more time trying to develop a more perfect understanding
of the test rather than to spend our time trying to point out the imperfecti~ns of either test.
The extra profits come from an understanding
of the merits of a test , the information it reveal s , and the use of the
desired merits to resolve our seed qual ity problems.
Time on this occasion permits a discussion of only the TZ test and
its use in quality control and for diagnosing causes for questionable or
undesirable seed quality . During t he past 20 years, I have never evaluated a seed by the TZ method without paying special attention to the
possible causes for the disturbances present. Possible causes are often
under study for several years before adequate segments of knowledge come
together to provide the answer . Several disturbances are rather complex
and conditioned by secondary factors . Some of these continue to remain
unanswered.
I hear occasional comments that the use of the TZ test for diagnosing
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causes for embryo disturbance is strictly for experts. This is indeed
not true. I have trained severa l people with a high school education to
recognize many of the symptoms. It does take training and practice . We
gain excellence in most of our activities by training and practice.
The TZ Test
A TZ test on a single sample of seed can provide within 12 to 24
hours the information needed for establishment of the potential germination percentage, soundness of ge rminable embryos, and evidence for
establishment of causes for possible disturbances in quality. Test
durations can be shortened to a few hours, or to less than an hour for
special needs. Excessive shortening of testing time introduces some loss
of accuracy of test results, which may still be acceptable.
The basis of a TZ test is the development of a red stain which
permits the analyst to visibly ovserve the presence and location of
sound, weak, and dead tissues . The nature of the patterns of staining
permits a diagnosis of causes for the imperfections . Detailed instructions for conducting the test have been published by Grabe (1) and t>1o'ore
(3,4,5).
Seed Preparation
If seeds are not already moist immediately prior to testing , it is
usually desirable to moisten with water. The ki nds and dryness of seeds
determine whether the seeds can be moistened rapidly or slowly. Largeseeded legumes such as soybeans and snapbeans, especially when dry, tend
to fracture readily and extensively when subjected to liquid water. The
desirable slow absorption of water can be obtained by placement of seeds
in a moistened, but not wet, paper towel or similar media .
Staining
Moist seeds of most kinds of small and large seeded legumes can be
placed intact into the colorless TZ staining solution . Cutting or
removal of seedcoats will hasten the rate of staining. The intact seedcoats of most grass seeds prevent the entrance of the staining solution.
The larger grass seeds are usually bisected through the germs to expose
the embryonic leaves and roots. Kinds of seeds considered too small for
bisecting are usually punctured or cut near the germ.
The time of staining should be adequate to permit the distinction
between normal, weak, and dry embryo tissue . The time can vary considerably without adversely influencing the results. Excessive staining
time, however , is accompa nied by tissue deterioration which prevents
acceptable evaluation .
The rate of staining tends to double for each 10 F rise in temperature within a range of approximately 70 to 100 F. The duration of
staining must be shortened at a higher temperature so as to avoid excessive deterioration.
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The testing solution is prepared by the addition of t etrazo l ium
salt to tap \<Jater. Solution strength can vary from approximately 0.1 to
·1 .0%. The TZ salt costs about 40¢/gram and can be obtained from Nutritional Biochemicals Corp . , 26201 Miles Road , Cleveland, Ohio 44128, as
well as from several other chemical companies.
Causes of Seed Deterioration
Common causes for seed deterioration vary with the kind of crops,
region of production, and methods of harvesting and processing . Common
causes include mechanical injury , water damage, aging, heating , freeze
injury , diseases, and insects . Accelerated aging tends to accompany and
may even conceal some of the other kinds of t roubl e.
Mechanical Injury
Disturbances resulting from mechanical inj ury may be external or
internal --usually both . The internal injuries, which are usually most
prevalent, may be revealed as fractures or bruised tissues, or both .
Embryos that are damaged when excessively dry may show normal staining
qualities even to the edges of the fractures . When tissues are moist at
the time of injury, the areas impacted tend to develop a darker than
normal red color immediately after injury. With time, the crushed cells
gradually die and are no longer capable of stai ning.
Water Damage
Mature seeds , especially of large seeded legumes and cotton , are
initially and subsequently damaged in many ways by exposure to alternate
wetting and drying prior to harvest and during storage. The initial
damage in turn promotes accelerated aging and infection . The symptoms
are usually associated with various levels of aging within and surrounding the initially damaged areas.
Certa in types of water damaged symptoms can be confused with injuries
resulting from mechanical fractures or bruises . A trained ana lyst,
however , can usually make correct diagnoses for the majority of seed
within a sample.
l~a ter damage of the type being brought into focus on this occasion
is especially prevalent in snapbeans, cowpeas, soybeans, lu pines , etc.
Two general types of symptoms occur. One type involves the obvious
fracturing of embryonic tissues, and the other involves deterio ration of
localized areas of embryonic tissues. Both types of damage may occur
within the same embryo.

Fracturing is prevalent in production regions where rapid and
extensive drying of mature seeds occurs between the periods of occasional rainfall or other forms of high humidity. The damage results from
stresses established within embryo structures by rapid localized absorption of free water. Fractures frequently occur within radicles and at
the attachment of cotyledons to the embryonic axis. The nature of the
damage varies from different varieties , crops , weather conditions, etc.
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In snapbeans , the epicotyl or the plumule tend to fracture rather
extensively. In soybeans, fracturing tends to be mo re extensive within
the radicle with very little fracturing of the epicotyl and essentially
no fracuturing of the pl umule.
A second type of water damage is caused by alternate wetting and
expansion, and drying and shrinkage of seedcoats with exposure of mature
or nearly mature seeds to alternate wetting and drying. The nature of
the disturbance in large seeded legumes is somewhat as follows. Upon
moistening, the seedcoat tends to expand rapidly and irregularly and
becomes folded like an accordion. The innermost folds come into contact
with localized l ess moist surfaces of the embryo. The rapid movement of
free water from the coat into the adjoining embryonic cells cause various
types of disturbances among and within cells. The disturbed cells are
first weakened and later die. The phenomena was earlier reported as
natural crushing by Moore (7), which, in view of today ' s knowledge , may
need a more approprate terminology. Additional ins ights into the nature
of this disturbance are likely provided by Iljin (2) and Stadelman (10)
in studies with other types of tissues concerning plasmolysis-deplasmolysis phenomena.
Further insights into the nature of water damage, including hollow
hearts of peas, are found to be in articles by Moore (6 , 9). Such insights resulted from intensive studies with tetrazolium staining, which
most seed physiologists have not pursued.
Aging
Aging needs to be considered from two viewpoints, namely chronological and physiological. Chronological age refers to the lapse of time
after a given lot of seed matured. Physiological age refers to the
degree to which embryo tissues have advanced as a result of aging processes. Such processes are accelerated by high temperatures, high
moisture, injuries, andgenetic composition. The relationship between
chronologica l and physiological aging is not very predictabl e without a
knowledge of environmental factors to which seeds have been subjected .
In
TZ testing, we are mainly concerned with the physiological type of
aging.
It is desirable to consider two general types of accelerated deterioration associated with localized injured tissues. The other type
represents a slower form of deterioration associated with masses of noninjured
tissues. tissues that are not in close contact with obviously injured
Accelerated aging is commonly associated with mechanica l injuries
and weather damage. Centers of damaged areas, if stained before much
additional deterioration or aging has occurred, tend to stain dark
red. With additional time , the severely injured areas of tissue tend to
become dead and fail to stain. A border of deeply stained tissue surrounding a necrotic area represents rapidly aging tissue. With time,
the inner layers of cells of the border become dead and the outer
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periphery of the necrotic zone enlarges by transformation of normal
ceils into a weakened condition. The extensiveness of the dead and
dying tissues reflects the extent of physiological aging of restricted
areas.
General aging tends to advance along with localized aging but at a
much slower rate. Theoretically , the general aging symptoms progress
rather uniformly with initially non- injured embryo tissues. In practice ,
however, this high level of uniformity of aging is seldom observed.
Certain tissues assumed to be non-injured still tend to age more readily
than other areas . These areas likely reflect minor disturbances from
slight pressures, unequal moisture uptake and release , unequal exchange
of air, etc .
In TZ tests, the aged tissues tend to be flaccid and pale red to
white in color. Different degrees of aging are reflected. The greyish
red color commonly seen on cut surfaces of corn and small grains is
belived to be due to a reaction between TZ and sulfur bonds of partially
denatured proteins.
Heat Damage
The storage of moist seeds without adequate venti lation to remove
heat tends to give rise to blurredness of tissues and a brownish red
stain as observed in the TZ test. Damage is often more intense on some
structures than on other structures . Radicle tips and plumules of
dicots are usually rather sensitive to early stages of heat damage.
Excessively high temperatures in drying cause injuries that also
can be readily detected by TZ tests. In case of corn and small grain,
the embryonic tissues tend to remain flaccid and to develop an abnormal
color .
Freeze Injury
Freeze injury varies considerably in severity . Light amounts of
freeze injury in corn, fo r example , may cause a slightly darker red than
normal stain . Severe freeze to high moisture corn tends to ki l l the
embryo. Intermediate levels of damage are reflected by blurredness of
tissues and a tendency for a greyish or purplish red stain .
Freeze injury in soybeans tends to produce a bluish red liquid
logged" condition. The damaged area tends to be localized in sections
of the seed where free water was accumulated at time of freeze. Soybeans are rather resistant to freezing but can be damaged extensively.
11

Diseases
Diseases that cause most disturbance in germination tests are
saprophytic. The fungi generally require dead or weak tissues as infection centers . Once established, they gradually weaken, kill , and move
into nearby tissues. Mechanical and weather damaged tissues serve as
commonly encountered infection centers.
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In TZ tests, the diseased tissues tend to be soft and mushy and
sometimes brownish red. The areas tend to be circular and bordered by a
deeper-than-normal red color .
Insect Damage
Damage by chewing insects is obvious. Damage done to soybeans by a
piercing insect, the stink bug, deserves special comment . The seeds are
damaged while immature. The damaged area tends to be sunken and spongy.
The surface tissue on the embryos appears drawn . A small puncture scar
can be noted near the center of the damaged area. The tissue stains a
dark red col or or may fail to stain if sufficient deterioration has
occured.
Summary
The TZ test is unsurpassed in the timely diagnosis and evaluation
of seed quality problems. The test is gradually gaining acceptance in
the diagnosis of the presence and seriousness of injuries resulting from
mechanical impacts, field weathering, aging, heat, freeze, diseases, and
insects. It is especially useful in quality control programs for guiding
economically sound decisions in reference to harvesting, processing,
blending, storing, treating, marketing, and carryover problems and
opportunities.
The tetrazolium test, along with the standard growth test, will
expose nearly all commonly encountered seed quality problems.
The basic principles of TZ testing can be grasped rather quickly
from a few hours of instruction by a competenet analyst. Considerable
experience is needed for a high level of excellence in its use. College
training is not required .
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Rt. 5
Hamilton, AL 35570
U. G. Roberts, Jr .
G. W. Jones &Sons
P. 0. Box 407
Huntsvil l e, AL 35804
Gurni a M. Moore
AL State Dept . of Agric . & Ind .
P. 0. Box 3336
Montgomery, AL 36109

Allen Bragg
Bragg Fanns
Route 1
Toney, AL 35773
ARKANSAS
Mr. & Mrs . Davi d Morgan
Lephiew Seed Co.
Box 307
Dermott , AR 71638
George Duggan
Green Seed Co.
P. 0. Box 696
Earle, AR 72331
Jo hn Cai n Fricke
Bayou Macon Seed Co .
Rt. 2, Box 59F
Eudora, AR 71640
David Prince
Bayou Macon Seed Co.
Rt . 2, Box 59F
Eudora, AR 71640
R. B. Ellis , Jr .
Alice- Sidney Dryer & Seed Co .
Jerome, AR 71650
Don Cox
Gibbs Seed Co.
Highway 90
Knobel, AR 72435
Bi 11 Reddick
Gibbs Seed Co.
Highway 90
Knobel, AR 72435
Jimmy Porter
Lake Vil l age Seed Co.
Rt. 2, Box 496
Lake Village , AR 71653
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R. Jane Barris
Jacob Hartz Seed Co., Inc .
P. 0. Box 946
Stuttgart, AR 72160

Gerald Novara
Gil roy Foods, Inc.
P. 0. Box 1088
Gilroy, CA 95020

George Berger
AR State University
Rt. 2
Weiner, AR 72479

A. I. Li l jeberg
Asgrow Seed Co.
P. 0. Box 716
Gonzales, CA 93926

JimfT\Y Thompson
Rt. 2
Weiner, AR 72479

Dennis Kuchta
Cornnuts
P. 0. Box 215
Greenfield, CA 93927

Gary Moore
N.A . Plant Breeders
P. 0. Box 1522
West Memphis, AR 72301
ARIZONA
Ron Thorp
Delta & Pineland Co.
P. 0. Box 1006
Casa Grande, AZ 85222
Gene Buchanan
Miller Enterprises
P. 0. Box 558
Eloy, AZ 85231
David Burchett
Miller Enterpri ses
P. 0. Box 558
Eloy, AZ 85231
Richard W. Schmidt, Jr.
G. D. Searle
P. 0. Box 6175
Phoenix, AZ 85005
Larry K. HolzWorth
USDA , SCS
3241 N. Romero Road
Tucson, AZ 85705
CALI FORNI A
Tom Cooley
Delta & Pineland Company
P. 0. Box 1356
Brawley, CA 92227

Jerry W. Smith
Cornnuts, Inc.
P. 0. Box 215
Greenfield, CA 93927
Maria L. Burtt
CelPril Industries, Inc.
P. 0. Box 2215
Manteca, CA 95336
Mervyn Sel vidge
Quali - Sel Products
1147 Madison Lane
Salinas , CA 93907
COLORADO
Charles Higgins
USDA- Coop. Ext. Ser.
Colorado State Univ.
Plant Science Bldg.
Fort Collins, CO 80523
Terry L. Quinn
Oliver Manufacturing Co . , Inc.
P. 0. Box 512
Rocky Ford, CO 81067
Jim Thomas
Oliver Manufacturing Co .
P. 0. Box 512
Rocky Ford, CO 81067
FLORIDA
S. H. West
University of FL - IFAS
1022 McCarty Ha ll
Gainesville, FL 32611
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Dan Pelt, Jr .
FL Foundation Seed Producers, Inc.
P. 0. Box 246
Greenwood, FL 32443

Jim Haskins
Gold Kist, Inc.
P. 0. Box 705
Dublin, GA 31021

James D. Carter
Bingham Seed Co., Inc.
P. 0. Box 1166
Jacksonville, FL 32201

Dan Weathington
Go 1d Kist, Inc.
P. 0. Box 705
Dublin, GA 31021

Robert H. Wicker
Bingham Seed Co. Inc.
P. 0. Box 1166
Jacksonville, FL 32201
Mr . & Mrs. Randall Dasher
Dasher Seed Farm
Rt. 1, Box 30
McAlpin, FL 32062
Jerry Davis
J. Davis Co.
Rt. 3, Box 96
Milton, FL 32570
Joel Davis
J. Davis Co.
Rt. 3, Box 96
Milton, FL 32570

R. E. Helmuth, Jr .
Helmuth Corporation
101 Rainbow Ave.
Ft. Benning, GA 31905
Mr. & Mrs. F. M. Brown
U.S. Forest Service
Eastern Tree Seed Laboratory
P. 0. Box 819
Macon, GA 31202
Tom Barham
Pennington Seed, Inc.
P. 0. Box 290
Madison, GA 30650

GEORGIA

Keith Hankins
Penni ngton Seed, Inc.
P. 0. Box 290
Madison, GA 30650

Gordon Kennedy
USS Agri-Chemical s
P. 0. Box 1667
Albany, GA 31702

Mr . & Mrs. Steve Enfinger
Pineland Plantation
Rt. 1, Box 12
Newton, GA 31770

Haro 1d L. Brown
Gold Kist, Inc .
P. 0. Box 2210
Atlanta, GA 30301

IDAHO

Charles Farley
USS Agri-Chemicals
P. 0. Box 426
Atlanta, GA 30301
Floyd Hudgins
Paul Hattaway Co .
P. 0. Box 669
Cordele, GA 31015

Richard Sayers
Asgrow Seed Co.
P. 0. Box 1235
Twin Falls, ID 83301
ILLINOIS
Mr. & Mrs. J. Gordon Bidner
Funk Seeds International
1300 W. Washington St.
Bloomington , IL 61701
Richard Bohling
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
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Norma Collins
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Charles R. Fi nley
Golden Harvest Seeds , Inc.
513B E. Locust
Bloomington, IL 61701
Lorin Jump
Funk Seeds International
P. 0. Box 2911
Bl oomington, IL 61701
Myron Kiesewetter
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Mr. &Mrs. Walter Monti
c/o FS Services, Inc.
1701 Towanda Ave .
Bloomington, IL 61701
Charlotte Myers
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
James Newe 11
Funk Seeds International
P. 0. Box 2911
Bl oomington , IL 61701
Joan Reeves
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Raymond A. Schultz
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Mr. &Mrs . Ray Tournear
Americana Seeds, Inc.
Bowen, IL 62316
Bruce Ufkes
Americana Seeds, Inc.
Bowen, IL 62316

Rene Couturier
Peterson Soybean Seed Div.
Pioneer Hi-Bred Intl., Inc.
Bloomington & Prospect
Champaign, IL 61820
Mr. & Mrs. Richard Denhart
IL Foundation Seeds
Box 722
Champaign, IL 61820
Harl an Hofeling
Peterson Soybean Seed Div.
Pioneer Hi-Bred Intl . , Inc.
Bloomington & Prospect
Champaign, IL 61820
Wa 1 ter F. Smith
Black Products Co.
13513 Calumet Ave.
Chicago, IL 60627
Clement J. Colgan
FS Services
Box 131
Cisco, IL 61830
Wally Furrow
Furrow Seed Co.
P. 0. Box 246
El Paso, IL 61738
Charles L. Crump
Burrow Equipment Co.
1316 Sherman Ave.
Evaston, IL 60204
John B. Cook
Jacques Seed Co.
Rt . 10 East
Lincol n, IL 62656
Bill Piper
Jacques Seed Co.
Box 54
Lincoln, IL 62656
Charles Summers
Cargill, Inc .
P. 0. Box 557
Pontiac, IL 61764
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William F. Kuenstl er
USDA, SCS
Plant Manterials Center
Quicksand, KY 41363

MICHIGAN

LOUISIANA

Mr . & Mrs. Vergil Frevert
Crippen Mfg. Co., Inc .
P. 0. Box 350
Alma, MI 48801

Edward A. Drummond
LA Dept . of AG - LSU
P. 0. Box 16390-A , Univ . Station
Ba t on Rouge, LA 70893

Gary L. Bi 11 ups
Ferrell-Ross
3216 Chri sty Way
Saginaw, MI 48603

Blue Hill
Plant Pathology - LSU
302 Life Science Bldg.
University Station
Baton Rouge, LA 70893

Greg Brooks
Ferre 11-Ross
1621 Wheeler Street
Saginaw, MI 48602

Wal ter C. Morrison
LSU Coop. Ext. Servi ce
Knapp Hall
Baton Rouge, LA 70803
Mr. & Mrs. Ruben Dauzat
Hamburg Mil l s Farm
P. 0. Box 100
Hamburg, LA 71339

Dave Mrozinski
Ferrel l-Ross
1621 Wheeler Street
Sagi naw , MI 48602
Bill Wa 11 ace
Ferrell-Ross
1621 Wheel er Street
Saginaw, MI 48602
MINNESOTA

Mi ke Co 11 ins
Hollybrook Gin, Inc.
P. 0. Box 748
Lake Providence , LA 71254

Paul Harguth
Green Gia nt Co.
LeSueur, MN 56058

Mr. &Mrs . Ronald E. Hagar
Terral-Norris Seed Co., Inc.
P. 0. Box 826
Lake Providence, LA 71254

James W. Baron
CEA-Cart er International
500- 73rd Ave., N.E.
Minneapolis, MN 55432

Wi 11 iam Harbour
Hollybrook Gi n, Inc.
P. 0. Box 748
Lake Prov idence , LA 71254

Doug Delong
Northrup King Co .
1500 Jackson St., N. E.
Minneapolis, MN 55413

Cal Coker
Southern Industrial Packaging
P. 0. Box 1823
West Monroe, LA 71291

Cynthia LaBerge
Northrup King Co .
1500 Jackson St., N.E.
Minneapolis , MN 55413

MARYLAND

Tom Rider
Northrup King & Co.
1500 Jackso n St . , N.E.
Minneapoli s , MN 55413

Steve C. Russell
Southern States Coop ., Inc.
P. 0. Box 1436
Baltimore , MD 21203
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Gil Waibel
USDA Seed Branch
Old Federal Office Bldg.
3rd &Washington
Minneapolis, MN 55401
Donal d A. Diersen
Pfizer Genetics
P. 0. Box 166
Olivia, MN 56277
Quentin Schultz
Pfizer Genetics , Inc.
P. 0. Box 166
Oliv i a~ MN
56277
Rod Gustafson
Stephen Seedhouse , Inc.
Stephen, MN 56757
Howard C. Abraham
MN Crop Imp. Assn
University of MN
1900 Hendon Ave.
St. Paul, MN 55108
Rosie Sicheneder
MN Crop Imp. Assn.
University of MN
1900 Hendon Ave.
St. Paul, MN 55108
Craig Thelander
MN Crop Imp. Assn .
Univ. of MN
1900 Hendon Ave .
St. Paul, MN 55108
MISSISSIPPI
Bobby Horton
Pfizer Genetics
P. 0. Box 867
Cleveland , MS 38732
Ed Jones
Pfizer Genetics , Inc.
P. 0. Box 867
Cl evel and, MS 38732
Bill Willett
Pfizer Genetics , Inc.
P. 0. Box 867
Cleveland , MS 38732

Edd Harrison
Uniroyal Chemical
909 Oakhill Circle
Clinton, MS 39056
Jackson H. Adams
USDA, SCS
Rt. 3, Box 215-A
Coffeeville, MS 38922
B. B. Billingsley
Soil Conservation Service
Rt. 3, Box 215A
Coffeevi ll e, MS 38922
Joseph A. Snider
USDA,SCS
Rt. 3, Box 215-A
Coffeeville, MS 38922
Mr. & Mrs . A. N. Robbins
Rt. 7, Box 274
Columbia, MS 39429
Ed Foland
DuPont
1882 McClain
Greenville, MS 38701
Kyle Rushing
Chevron Chemica l Co.
P. 0. Box 5008
Greenville, MS 38701
Kl oi s Watts
Uniroyal Chemical
217 Swan Drive
Greenwood, MS 38930
Mr. & Mrs. Daniel LeBlond
Banks and Co.
P. 0. Box 160
Herna ndo, MS 38632
Virden C. Jones
Ho llandale Ag Services
P. 0. Box 397
Hol l andale , MS 38748
J. H. Hill

Hill Farms
Indianola, MS 38751
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Jim Rodriguez
Langston Bag Co. of MS, Inc.
P. 0. Box 442
Jackson , MS 39205

John Maddox
Three MSeed Co., Inc.
P. 0. Box 626
Clarkton, MO 63837

Garl and Vaughn
MS Dept. of Agric . & Comm.
P. 0. Box 1609
Jackson, MS 39205

Carl Neldon
Three MSeed Co., Inc.
P. 0. Box 626
Clarkton, MO 63837

Richard S. Taylor
Farmers Feed &Supply Co.
608 N. Main
Leland, MS 38756

David Stoelting
Three MSeed Co ., INc .
P. 0. Box 626
Clarkton, MO 63837

Stanley Rosenberger
MCES Food & Fiber Center
P. 0. Box 5426
Miss. State, MS 39762

Lee Gardner
Green Seed Co.
Lockwood; MO 65682

Donald B. Pittman
Farmer
Rt. 1
Mt. Olive, MS 39119
Fred Abel
Delta & Pi neland Co .
Scott, MS 38772
Randy Dismuke
Delta & Pineland Co.
Scott, MS 38772
Jake Koeni g
Delta & Pineland Co.
Scott, MS 38772
John Wilson
Delta & Pineland Co.
Scott , MS 38772
Mr. &Mrs. David Grimm
Coker's Pedigreed Seed Co.
P. 0. Box 776
Tunica , MS 38676

Mark Thomeczek
Garst and Thomas Hybrid Corn Co .
547 E. Summit
Marshall, MO 65340
Robert Werneke
MFA Seed Division
P. 0. Box 550
Marshall, MO 65340
Wayne Ruby
E. B. Gee Co .
P. 0. Drawer E
Marston , MO 63866
Curtis Scha 11 ert
Schallert Bros. Seeds
RFD 1
Purdy, MO 65734
Lester Scha 11 ert
Schallert Bros. Seed
RFD 1
Purdy , MO 65734
NEBRASKA

H. M. ''Maurice .. Larrimore
Coker 's Pedigreed Seed Co .
P. 0. Box 776
Tunica, MS 38676

Gordon M. John
Pfizer Genetics
P. 0. Drawer K
Doniphan, NB 68832

MISSOURI

Waldene Gundersen
Pfizer Genetics
P. 0. Drawer K
Doniphan, NB 68832

Robert 0. Pierce
R. 0. Pierce Farms , Inc.
Route 1, Box 11
Caruthersvil le, MO 63830
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A1 Behl
Golden Harvest
Rob Seed Co.
Waterloo , NB 68069
Carol D. Graf
Golden Harvest
Rob Seed Co.
Waterl oo, NB 68069
Robert Lockenour
Golden Harvest
Rob Seed Co .
Waterl oo, NB 68069
NEW JERSEY
Bruce E. Roberts
N.J. Crop Imp. Coop.
P. 0. Box 458
Allentown, N.J. 08501
D. Monaco
Griffith Laboratories, Inc.
855 Rahway Avenue
Union, NJ 07083
NEW YORK
Mr. &Mrs . Robert L. Sherman
USDA-SCS
Plant Materials Center
P. 0. Box 295
Big Flats, NY 14814
Wil l iam Stockmeyer
Dept . of Plant Breeding
Cornell University
Emerson Hall
Ithaca, NY 14853
B. L. Pritchard
Celanese Corp .
1211 Ave. of the Americas
New York, NY 10036
Alton Harris
Agway Seeds
Ra i1 road St.
P. 0. Box 88
Warners, NY 13164

NORTH CAROLINA
Ahmed Ali
N.C . State University
P. 0. Box 5913
Ral eigh, N. C. 27650
Carro ll E. Collins
N. C. Crop Imp . Assn.
University Station
Box 5155
Raleigh, N.C. 27650
Gay M. Jividen
Cotton Incorporated
4505 Creedmoor Road
Raleigh, N.C. 27612
G. H. Miller, Jr.
N.C. Foundation Seed Producers
State University Station
P. 0. Box 5687
Ra lei gh , N.C. 27607
Bobby C. Parsons
N. C. Crop Imp . Assn .
University Station
Box 5155
Raleigh, N. C. 27650
NORTH DAKOTA
Dr. &Mrs. Leroy A. Spilde
N.D. State Univ .
Agron. Seed Farm
Casselton, N.D. 58012
Robert Roach
N.D . State Seed Dept.
State University Station
Fargo, N.D. 58102
OHIO
Mi ll er McDonald, Jr.
Dept . of Agronomy
Ohio State University
Columbus, OH 43210
Edgar Legg
Robinson Hybrids, Inc.
4796 Dildine Road
Delaware, OH 43015
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David T. Dennison
OH Seed Imp. Ass n.
P. 0. Box 477
Dublin, OH 43017
Mi ke Tayl or
OH Seed Imp. Assn .
P. 0. Box 477
Dublin, OH 43017
Joe Hanusik
Madison Seed Co.
RR #1
London , OH 43140

David Wolf
Sperry-New Holland
New Hol l and, PA 17557
Thomas E. Klein
Mercator Corp.
P. 0. Box 142
Reading, PA 19603
SOUTH CAROLINA
David Knauft
Cl emson University
Clemson, S. C. 29670

Davi d G. Smith
Madison Seed Co.
RR #1
London , OH 43140

Don Clark
Coker ' s Pedigreed Seed
P. 0. Box 340
Hartsvi l le, S. C. 29550

OKLAHOMA

Neely Gaston
Coker's Pedigreed Seed Co .
P. 0. Box 340
Hartsvi ll e, S. C. 29550

Gary Pl unkett
Muskogee Seed Co.
P. 0. Box 1568
Muskogee, OK 74401
Calv i n Huston
Chevron Chemical Co .
8629 Lakea i re Drive
Oklahoma City, OK 73132
!=ernando Silva
Graduate Student
OK State Univ. - Agron . Dept.
Agricultural Hal l 368
Stil lwater, OK 74074
Jim Trybom
OK Foundation Seed Stocks, Inc.
Agro n. Res. Station - OK State Univ.
Stillwater OK 74074

Michael A. Hutchinson
Coker's Pedigreed Seed Co.
P. 0. Box 340
Hartsville, S. C. 29550
Rex B. Wilson
Coker's Pedigreed Seed Co.
P. 0. Box 340
Hartsville, S. C. 29550

L. B. Wannamaker Seed Co .
P. 0. Box 194
St. Matthews, S. C. 29135
TENNESSEE

OREGON

J. W. Stephens
Green Seed Co .
P. 0. Box 943
Gallatin, TN 37066

Willard Smucker
Seed Farmer
23175 Powerline Rd .
Harrisburg, OR 97446

B. W. Oliver
Tennessee Eastman Co .
Kingsport, TN 37662

PENNSYLVANIA
Kurt Mayer
Agway Seeds
P. 0. Box 166
East Butler, PA 16029

Pete Brunson
Hagan Manufacturing Co.
P. 0. Box 9307
Memphis, TN 38109
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Jim Harden
Harden Processing Eq uip.
2889 Southaire Drive
Memphis, TN 38118
Virgil Harden
Harden Processing Equi p. Sales
2889 Southaire Drive
Memphis, TN 38118
Jim Payne
USS Agri -Chemicals
P. 0. Box 16886
Memphi s, TN 38116
Tim Regenol d
Hagan Manufacturing
P. 0. Box 9307
Memphis, TN 38109
Jimmy Full en
J&S Fullen Farm
Route #4
Ripley, TN 38063
Steve Fullen
J&S Full en Farms
Route #4
Ripley, TN 38063
TEXAS
Bi ll Belous
Tripl e S Dynamics
1031 S. Haskel l Ave .
Dallas, TX 75223

William T. Bolzle
USDA,SCS
Plant Materials Center
Rt. 1, Box 155
Knox City , TX 79529
L. E. Wi 11 i ams
Chevron Chemica l
6611 Norwood
Lubbock, TX 79413

Mr. & Mrs. Carl Bamert
Bamert Seed Co .
Rt. 3, Box 192
Muleshoe , TX 79347
William H. Nance
Acco Seed Co.
P. 0. Box 1630
Plainview, TX 79072
Mr. & Mrs . Ken Skarien
Seedsmen's Digest
1910 W. Olmos Drive
San Antonio, TX 78201
VIRGINIA
Bruce R. Beahm
VA Crop Imp. Assn
P. 0. Box 78
Mt . Holly, VA 22524
M. Rangappa
Box 5
Virgina State Co l lege
Petersburg, VA 23803

David R. Cox
Gustafson
6350 LBJ Freeway
Suite 180
Dallas, TX 78240

Betty G. Butler
Southern States Coop., Inc.
Box 5402 Saunders Station
Richmond, VA 23220

Curtis Wi 1son
Triple/S Dynamics
1031 S. Haskell Ave.
Dallas, TX 75223

Emma T. Kay
Southern States Coop., Inc.
Box 5402 Saunders Station
Richmond, Va 23220

Tom Harpool
Harpool Seeds, Inc.
P. 0. Drawer B
Denton, TX 76201

R. P. Keithly, Jr.
Southern States Coop . , Inc.
Box 5402 Saunders Station
Richmond, VA 23220
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Frederick P. Langschultz
Arenco-Cardwell, Inc.
P. 0. Box 3797
Richmond, VA 23234

Murray Ho 11 and
CIBA-GEIGY SEEDS LTD.
Box 250
Cottam, Ontario NOR 1BO

WASHINGTON

Ed Petersons
CIBA-GEIGY Seeds

Ben Manring
Manring Corp .
P. 0. Box 1865
Bellevue, WA 98009
WISCONSIN
Roger Luckow
Lucky Acres Seed
Rt. 2
Beaver Dam, WI 53916
Ned Kessen i ch
Blaney Farms
Rt. 4
Madison, WI 53711
Pau l Scott
Blaney Farms
Rt. 4
Madison, WI 53711
Jim Barron
Jacques Seed Co.
Prescott, WI 54021
Geneva Dravis
Jacques Seed Co.
Prescott, WI 54021
Ann Howie
Jacques Seed Co .
Prescott , WI 54021
CANADA
Robin A. Hopkins
Hopkins Seed Farm
P. 0. Box 815
Peace River, Alberta
Canada
Olier Labossiere
St. Leon, Manitoba ROG 2EO
Canada

R. R. 1

Pl attsvi ll e, Ontario NOJ 1SO
Canada
COSTA RICA
Jorge L. Faeth
CfGRAS
Univers i ty of Costa Rica
Sa n Jose , Costa Rica
Central America
ECUADOR
Jose Chiri boga
EM-Semi 11 as
Muros #254
Quito, Ec uador
Luis Cruz
Ministerio Agricu l ture
MAG
Qui to, Ecuador
Jaime Flores
IBRD Seed Project-Ecuador
Box 5146
Qui to, Ec uador
HONDURAS
Rafael Diaz Donaire
Secretaria Recursos Naturales
Teguci galpa, D.C.
Honduras , C.A .
MEXICO
Ing . Cesar Valenzuela Guti errez
Semillas Corerepe, S.A. de C. V.
L. Rayon y 10 de Mayo
Los Mochis, Sinaola
Mexi co

150

PUERTO RICO
James C. Berl in
ConAgra, Inc.
G.P.O. Box 4948
San Juan, Puerto Rico 00936
VENEZUELA
Marcos Lanz
Fonaiap-Ciarco
Estacion Experimental Aravre
Carretera Naci onal via Barquisimeto
Araure, Venezuel a,

